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Active Vitamin D"Like Substarices 
in Solanum malacoxylon and Other Calcinogenic Plants 


by R. H. Wasserman, Ph. D. 


E nteque seco” is a disease of grazing 
animals that occurs in Argentina. The 
cause of this disease is due to the ingestion 
of the plant, Solanum malacoxylon, when 
the animals graze on contaminated pasture. 
This was clearly indicated from controlled 
studies in which the administration of the 
plant, or an extract thereof, duplicated the 
main features of the diseasejn different 
animal species.^ The symptoms and signs 
in the affected animals are, as follows: loss 
of weight, stiffness of forelimbs, arching of 
back, emaciation, and possibly death. ^ 
Autopsy reveals extensive soft tissue calcifi- 
cation, particularly of the cardiovascular 
system, tendons, ligaments, lungs, dia- 
phragm, and kidney, with the extent of 
calcification varying with severity of the 
disease. These animals are usually hypercal- 
cemic and hyperphosphatemic, such that 
the ion product of Ca x P in 'blood is 
considerably higher than normal. 


Dr. Wasserman is Professor of Physical Biology at 
the New York State Veterinary College, Cornell 
University, Ithaca, New York 14853. 

A limited number of reprints of this article may be ob- 
tained from the author. THERE ARE NO REPRINTS OF 
UNSIGNED REVIEWS. 


In Brazil, the disease "Espichamento" 
was described by J. Dobereiner et al.^ The 
symptoms are quite similar to that of 
"Enteque seco" and the cause was also 
shown to be due to the ingestion of 
Solanum malacoxylon. Thus, "Enteque 
seco" and "Espichamento" appear to be 
equivalent diseases. 

There have been described calcinotic 
diseases in grazing animals in other parts of 
the world. In the Alpine region of Ger- 
many, a disease of cattle and other herbi- 
vores, simply termed "enzootic calcinosis", 
has been described by G. Dirksen and 
collaborators,^-® and the clinical, histologi- 
cal, and biochemical signs and symptoms 
are similar to "Enteque seco". It has been 
clearly shown that this disease is produced 
by the ingestion of another plant, Trisetum 
flavescens (common name: oat-grass).® 

Calcinosis of grazing animals in still 
other regions are the "Manchester wasting 
disease"'^'® occurring in Jamaica and 
"Naahelu disease" in Hawaii.® The former 
has not yet been related to any botanical 
species, but Solanum sodomaeum has been 
mentioned in connection with the disease 
in Hawaii.^® However, this author is not 
aware of investigations that conclusively 
demonstrate that S. sodomaeum is the 
toxic plant in this case. 
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Another botanical species that was 
recently implicated in causing calcinosis is 
Oestrum diurnum. This plant grows in the 
southeastern part of the United States, 
Jamaica, and Hawaii, and is now associated 
with calcinosis occurring in horses and 
cattle in the Miami areaT ^ ^ 

Thus, of the three plant species appar- 
ently responsible for calcinosis in animals, 
two are in the family Solanaceae (S. mala- 
coxylon and C. diurnum), and one of the 
family Graminea (T. flavescens). 

Physiological studies showed that S. 
malacoxylon and the other plant species 
cause an enhanced absorption of calcium 
and phosphorus^ ® and this could 
account for the frequently observed hyper- 
calcemia and hyperphosphatemia in 
affected animals, as well as the disease 
itself. The calcitonin-producing ceils of the 
thyroid (i.e., the "C" cells) also show 
evidence of hyperactivity, an expected 
result of the hypercalcemic state.^^ Anal- 
ogy between the effects of the toxic plant 
and hypervitaminosis D has frequently 
been made. However, it was shown that the 
unknown factor seems to act faster and 
fade faster than a massive dose of vitamin 
but appeared to cause an increase in 
calcium-binding activity in rabbit ileum. 

An understanding of the physiological 
basis of "Enteque seco" derives directly 
; from current knowledge of vitamin D 
metabolism. It is now established that 
f cholecalciferol (vitamin D3), once acquired 

by the body, is converted into more polar 
metabolites that are more biologically 
active than vitamin D per se.^ ® -2 0 The first 
I important reaction occurs in the liver in 

I which the vitamin is converted to the 

I 25-hydroxylated derivative [25-(0H)D3] 

I and subsequently hydroxylated in the 

la-position in the kidney to produce 
I 1a,25-(OH)2 D3. The 1a,25-(OH)2 D3 me- 

I tabolite is the most active of the cholecal- 

i ciferol derivatives yet identified and, 

importantly, its rate of formation appears 
to be directly related to the calcium needs 
I of the animal. As an example, when a 

i calcium-deficient diet is fed, the recipient 

j animal in some fashion can detect this 
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circumstance and increase the amount of 
1a,25-(OH)2 D3 produced by the kidney 
enzymes. As a consequence, the efficiency 
of calcium absorption is increased. On the 
other hand, an intake of a diet containing 
adequate levels of calcium and phosphorus 
reduces the amount of 1a,25-(OH)2 D3 
formed and this is followed by a decrease 
in the intestinal transport mechanism. 
Thus, there is a feed-back regulation of the 
activity of the la-hydroxylase system of 
the kidney, which, through the controlled 
production of 1a,25-(OH)2 D3, attempts to 
assure that either a sufficient amount of 
calcium is absorbed to meet physiological 
needs or that there is not an over-abundant 
absorption of this element* If 1a,25- 
(0H)2D3 (or a compound that acts like 
this active metabolite) is administered, the 
control mechanism is circumvented and 
calcium absorption would proceed at a rate 
related to the amount of administered* 
1a,25-(OH)2 D3 rather than to the calcium 
needs of the animal. 

The etiology and symptoms of "Enteque 
seco" and related diseases suggested that 
the active principle in the calcinotic plants 
has biological properties similar to that of 
the active metabolite of vitamin D, i.e., 
1a,25-(0H)2 D3. This hypothesis was tested 
in chicks fed a high stable-strontium diet, a 
situation shown to inhibit the conversion 
of 25-(0H)D3 to 1a,25-(OH)2D3 by the 
kidney enzymes.*^® As a consequence, the 
absorption of calcium is depressed and the 
synthesis of the vitamin D-induced cal- 
cium-binding protein is inhibited^! and, as 
expected, strontium-inhibited chicks 
respond to 1a,25-(OH)2 D3 but not to' 
vitamin D3 or 25-(OH)D3.i® When fed' 


*This is a simplistic view of the intestinal phase of 
calcium homeostasis which hopefully suffices for the 
discussion of the calcinogenic plants. It should be 
recognized that the mechanism of control of the kidney 
25-hydroxycholecalciferol-lO:-hydroxylase system is 
complex and certainly is not completely resolved at ' 
this time, particularly with regard to the primary I 
endogenous and exogenous modulating factor or factors. 
For a fuller discussion of the problem, refer to refer^ 
ences 19 and 20. The summary article in Nutrition Re^ 
views 32:257-266, 1974, by M. R. Haussler on vitamin D 
metabolism is also highly recommended for this purpose. , 



either ground leaf power of S. malacoxylon 
or an extract thereof, the inhibitory effect 
of strontium was overcome both with 
regard to the enhancement of the intestinal 
absorption of calcium and the stimulation 
of the synthesis of the vitamin D-induced 
calcium-binding protein. This indicated 
that these plants do contain a substance 
that can mimic the action of 
1 q;,25-(OH)2D3.22,23 /\ subsequent study 
by Walling and Kimberg (private communi- 
cation) confirmed the 1a,25-(OH)2 D3-like 
property of S. malacoxylon since an 
extract of that plant proved effective in 
stimulating intestinal calcium transport in 
nephrectomized rats. 

The evidence that the S. malacoxylon 
factor mimics the biological activity of 
1a,25-(OH)2 D3 allows an explanation of 
the etiology of the disease. As mentioned 
previously, a key reaction in calcium home- 
ostasis is the rate of conversion of 
25-(0H)D3 to 1 q:,25-(0H)2 D 3 t)y the 
kidney enzyme system. Since the S. mala- 
coxylon factor has biological properties 
similar to 1 q:, 25-(OH)2 D3, the point of 
regulation is essentially by-passed and cal- 
cium and phosphate absorption proceeds 
most efficiently and essentially out of 
control. The excessively absorbed calcium 
and phosphorus presumably cannot be 
physiologically accommodated, causing 
hypercalcemia, hyperphosphatemia, hyper- 
secretion of calcitonin, and calcinosis. A 
direct corollary of this hypothesis is that 
the production of calcinosis in these ani- 
mals requires two conditions: (a) the inges- 
tion of the toxic plant and (b) an adequate 
dietary intake of calcium and phosphorus. 
Without both conditions, the disease is 
unlikely to occur. 

Additional investigations on S. malacox- 
ylon in chicks indicated that the vitamin 
D3-equivalents contained in the dried leaf 
is about 300,000 lU per kilogram. This is 
a considerably greater concentration than 
reported for any other plant. Whether the 
formation of the vitamin D-like substance 
in S. malacoxylon requires ultraviolet irra- 
diation is not exactly known. It was also 
shown that, in the rachitic chicks, the 


enhancement of calcium absorption and 
induction of CaBP synthesis follow a time 
pattern of response reminescent of that 
seen with 1 q;, 25 -(OH) 2D3 24 although there 
was a somewhat greater lag period.^ ^ The 
maximum effect on calcium absorption 
occurred at 36 hours but returned to 
baseline at 48 hours.^^ CaBP levels also 
maximized at 36 hours; however; CaBP 
was still detectable at 48 hours and even at 
72 hours. Again this is similar to the 
rachitic chick's response to 1,25- 

(0H)2D3.2^ 

Whether the S. malacoxylon factor, like 
1a,25-(OH)2 D3 , acts on the skeleton as 
well as the intestine, is controversial at this 
point. C. A. Mautalen^^ injected '^^Ca into 
rabbits and observed that, at 30 days 
post-injection, the urinary excretion of 
'‘^Ca was increased by a factor of about 5 
after an extract of S. malacoxylon was 
administered. This indicated that the bone 
mobilization process was accelerated by S. 
malacoxylon. C.M. Campos et al.^s fed a 
diet "practically free of calcium" to vita- 
min D-deficient rats and seven days later 
injected an extract of S. malacoxylon 
subcutaneously. Serum calcium concentra- 
tions became elevated at 24 hours and 
maximized at 48 hours, confirming the 
osteolytic effect of the active principle. 
There was also an early transient increase in 
serum phosphate levels at 6 hours. Campos 
et al.2 5 further noted that the S. malacox- 
ylon factor was effective in parathyroidec- 
tomized animals. However, contrary to the 
findings of Mautalen and colleagues,^ 

A. Uribe et al.^® were unable to demon- 
strate an increase in serum calcium levels 
when the extract was administered orally 
to calcium-deficient and vitamin D-defi- 
cient rats and therefore it was concluded 
that, unlike vitamin D, the S. malacoxylon 
factor does not stimulate bone resorption 
The only obvious difference between the 
Campos and Uribe studies was the route of 
administration of the extract and this 
might have a bearing on site of action 
Additional investigations on this aspect are 
certainly required. 
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The question of whether a modification 
of the S. malacoxylon factor is a prerequi- 
site for biological activity is of considerable 
interest. Since the factor is effective in 
chicks in which the kidney la-hydroxylase 
enzyme is suppressed by a high strontium 
intake or in nephrectomized rats, hydroxy- 
lation in the la-position is not required. 
Further, the S. malacoxylon factor is 
capable of stimulating calcium transport 
! and inducing the synthesis of the vitamin 

i D-dependent calcium-binding protein in an 

! intestinal organ culture system.^ ^ There- 

I fore, if any modification of the factor is 

I indeed necessary, the intestinal tissue must 
i provide the necessary enzymes to carry out 
j the required reaction, 

i It has been claimed that preincubation of 
I the S', malacoxylon extract with rumen 

I liquor is necessary for biological effective- 

I ness in rats^s but others, as mentioned 

I previously, were able to observe effects on 
calcium absorption in the rat without such 
i pre-treatment. 

I As to the nature of the calcinotic princi- 
ji pie in S. malacoxylon, the isolation and 

! characterization of the active factor or 

I factors has not been reported but a few 

‘ properties are known. The factor in S. 

' malacoxylon is a very polar molecule, being 

I soluble in water, but insoluble in absolute 

ethanol, methanohchloroform (2:1), chlo- 
■ reform, etc.^’^^’^® It appears to be electri- 
, ' cally neutral and its molecular size might 
be in the 1000-3000 range, i.e., larger than 
I the cholecalciferol molecule.^^’^® Because 
of its solubility properties, it was proposed 
that the 5. malacoxylon factor might be a 
i' glycoside or contain some other group that 
accounts for its solubility. At any 
I rate, the active principle is not 

1a,25-(OH)2 D3 per se as surmised from 
differences in solubility properties and 
apparent molecular size. However, since the 
factor does have the capacity to induce the 
synthesis of CaBP, the effective part of the 
molecule most likely has the appropriate 
steric configuration to interact with the 
protein synthetic machinery of the intes- 
tinal cell. The action of 1a,25-{OH)2 D3 on 
calcium absorption by chick intestine in 
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vivo2° and in organ culture is inhibitable 
by actinomycin D, an inhibitor of genetic 
transcription. 2 7 |n the embryonic intes- 
tinal organ culture system, actinomycin D 
also inhibits the effect of S. malacoxylon I 

on ^^Ca uptake and CaBP synthesis. The I 

initial steps in vitamin D-induced protein 
synthesis involve the complexation of i 

1a,25-(OH)2D3 to cytoplasmic and nuclear i 

receptors which accounts, at least in part, j 

for the specificity of the synthetic i 

process. ] 

All-in-all, the above information suggests i 
that, on the basis of solubility, the S. 
malacoxylon factor is chemically different 1 
from 1a,25-(OH)2 D3 but the biologically 
active fragment of the botanical substance 
might have some features in common with 
1a,25-(OH)2 D3.The eventual isolation and 
characterization of the active substances in | 

these plants will indicate whether or not 
they do contain a chemical structure anal- 
agous to 1a,25-(OH)2 D3. If these com- 
pounds do not, this could prove of consid- 
erable importance to the understanding of 
the mechanism of action of vitamin D on 
calcium transport. 

Finally, it should be mentioned that the I 
calcinogenic substances in these toxic 
plants could have therapeutic value in 1 

human and animal disease states associated i 
with the abnormal metabolism of calcium ' 
and the skeleton. In fact, when further „ 
studied, it is possible that these substances 1 
might turn out to be more advantageous ' 
than 1a,25-(OH)2 D3 in certain clinical 
situations. 

One further point is directed to plant 
physiologists: What function might these 
1 a,25-(OH)2 Dg-like substances serve in 
these calcinogenic plants? Is there a con- v, 
nection between these active substances, 
mineral metabolism in the botanical world, 
and soil type? This should constitute a 
worthy project for the interested bot- 
anist. □ 
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GROWTH OF THE HUR/IAN BRAIN: 
SOME FURTHER INSIGHTS 


A further analysis of human brains shows that 
active brain growth starts during the second 
trimester of pregnancy and extends 
well into the third or fourth postnatal year. 


Key Words: malnutrition, brain development, 
DNA concentration, postnatal, fetal 

The possible adverse effects of malnutrition 
on mental performance have gained in- 
creased attention in recent years. This has 
naturally led to an intensive study of brain 
development in fetal and early post-natal 
life, when the other ill-consequences of 
malnutrition are glaringly evident. Brain 
growth does not progress uniformly but 
shows definite periods of increased ac- 
tivity— the growth spurts — during which 
the brain is considered to be particularly 
vulnerable to nutritional insults.^ M. 
Winick and A. Noble^ suggested that 
undernutrition during this proliferative 
period may cause permanent stunting of 
brain growth. Considerable species varia- 
tions have been reported in the timing of 
the brain growth; it being perinatal in 
primates and mostly postnatal in rodents.^ 
This is the factor underlying Dobbing's 
timely warning'* to exercise caution while 
extrapolating results from animal experi- 
ments to the human situation. 

To more clearly delineate the temporal 
sequence of the various stages of human 
brain development, J. Dobbing and J. 
Sands® recently studied human brains of 
various ages, both fetal and postnatal. One 
hundred and thirty-nine brains ranging 
from ten weeks gestational age to seven 
postnatal years and nine adult brains were 
analyzed. It was ensured that none of the 
abortions or deaths occurred from neuro- 
pathological lesions. 
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The active period of cell multiplication 
in the human brain starts very early during 
fetal life® and extends well into the end of 
the first postnatal year.*' The present study 
shows that the assessment of cellularity, 
usually expressed as concentration of DNA 
can be erroneous, since the latter falls at a 
time when the cell number is actually 
rising. This point has to be taken into con- 
sideration when interpreting the adverse 
effects of any agent on brain growth. It 
appears that the total content of DNA in 
the brain alone can give a true picture of 
cell number. The cerebellum starts growing 
later than the other regions of the brain, 
but the growth reaches a plateau earlier. 
Thus the cerebellum has a more rapid rate 
of growth. Unlike the rest of the brain, 
DNA concentration increases with rising 
cell numbers in the cerebellum. 

The brain growth spurt, a transient 
period of rapid brain growth, can be ob- 
served in all species. According to these 
authors it begins when the adult neuronal 
number has already been largely achieved. 
"Thus it begins at about birth in the rat 
and about midgestation in the human. The 
enormous multiplication of cells which 
occupies its early part is, predominantly, 
glial." The fact that cell multiplication 
occurs relatively early in pregnancy in the 
human should provide protection against 
adverse effects caused by maternal malnu- 
trition whereas the rat would be more vul- 
nerable since cell multiplication occurs 
much later. The phase of cell multiplication 
is followed by myelination and the estab- 




lishment of synaptic connections. These 
processes are mostly postnatal, both in the 
rat and human, and in this respect the 
human resembles the rat more than the pig. 
The present study shows that in the 
human, this extends to the third postnatal 
year. It had not been recognized hitherto 
that the brain growth spurt extends over 
such a prolonged period in the human. This 
is a period when children in the developing 
countries are dangerously exposed to mal- 
nutrition. Thus, the effect of malnutrition 
on myelination and its significance may be 
important aspects to be investigated. In 
animal experiments the data obtained from 
animals whose temporal sequence of brain 
growth resembles that of man may be the 
most meaningful. □ 
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INFANT BODY COMPOSITION BY SKINFOLD MEASUREMENTS 

Careful use of Harpenden calipers on newborn 
infants allows measurements to be 
made of both subcutaneous fat and interstitial water. 


Key Words: skinfold thickness, Harpenden cali- 
pers, subcutaneous fat, interstitial water, newborn 
infant, small-for-dates infant 

Measurement of the body fat of infants is 
beset by technical and ethical difficulties 
that have hampered the collection of data 
which is pertinent to both prenatal and 
postnatal nutrition. For example, direct 
measurement by fat-soluble gas dilution 
techniques^ or specific gravity measure- 
ments^ are not applicable to the newborn. 
Other methods of measuring subcutaneous 
fat thickness such as radiology, ultrasound, 
and electrical conductivity do not dis- 
tinguish between subcutaneous fat and 
interstitial water. Contrasting with these 
approaches is the use of special calipers to 
measure subcutaneous fat by the thickness 
of a double skinfold in certain selected sites 


on the body.® This method has the ad- 
vantages of being rapid, noninvasive, and 
harmless, but suffers from large errors with 
the same observer and between observers."^ 
Part of the difficulty stems from the fact 
that the initial skinfold thickness decreases 
in the seconds after the calipers have been 
applied. 

Y. W. Brans et al.® turned this potential 
disadvantage to good effect by making 
carefully controlled measurements of skin- 
fold thickness in different groups of new- 
born infants. This group has a longstanding 
interest in the distribution of body water in 
the newborn.®'® They argued that the 
decrease in skin thickness following appli- 
cation of the calipers might result from the 
squeezing of water from the subcutaneous 
tissue. 
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Mid-triceps and subscapular skinfolds 
were measured within 24 hours of birth in 
23 term infants of normal weight, 23 
normally grown preterm infants, six small- 
for-dates term infants, and seven small-for- 
dates preterm infants. The babies were 
randomly selected from the hospital 
nursery and were otherwise healthy. Skin- 
fold thickness was measured to the nearest 
0.05 mm with Harpenden calipers^ at 
exactly 15 and 60 seconds after application 
by one of three observers. A preliminary 
study in which readings were taken every 
10 seconds showed that the measurement 
became stable at 60 seconds. The change in 
thickness from 15 to 60 seconds was ex- 
pressed as a percent of that at 1 5 seconds. 
The infants were weighed each day and the 
difference between their minimum weight 
and birthweight was expressed as a percent 
of the birthweight. The preterm infants of 
normal weight lost 13.4 percent of their 
birthweight whereas the other three groups 
lost between 4.4 and 5.8 percent. No ex- 
planation for this difference is given and 
the reader is left to conjecture if it might 
be due to differences in feeding practices. 

The results from readings at the mid- 
triceps and subscapular sites were similar, 
so attention will be paid only to the mid- 
triceps results. In the infants of normal 
weight there was a good linear correlation 
between the skin thickness at 60 seconds 
and the birthweight or gestational age. 
When the small-for-dates babies were 
plotted in the same way, they followed the 
same regression line as the normally grown 
babies when birthweight was the variable, 
but fell below normal when gestational age 
was the variable. These results indicate that 
the small-for-dates babies had normal 
subcutaneous fat for their body weight 
which is somewhat surprising to the 
clinician who thinks of them as being char- 
acteristically long and thin. 

The percentage fall in skin thickness 
between 15 and 60 seconds was inversely 
correlated with gestational age and in this 
correlation normal and small-for-dates 
infants behaved similarly. This function of 
skinfold thickness was independent of 


birthweight above 2.5 kg but increased 
with diminishing birthweight below this 
figure. The same function correlated posi- 
tively with the maximum postnatal per- 
centage weight loss. 

G. Cassady and his co-workers emphasize 
that skinfold thickness calipers are de- 
ceptively easy to use but have shown how, 
if used properly, they may give information 
not only on subcutaneous fat but also on 
interstitial water content. The possibility 
that the change in the measurement from 
1 5 to 60 seconds is due to extravasation or 
compression of fat seems unlikely. The 
negative correlation between this measure- 
ment and the gestational age fits well with 
earlier observations of a fall in extracellular 
water with increasing maturity. 

Earlier work had suggested that skinfold 
thickness of newborn infants was positively 
related to maturity® and normality of 
intrauterine growth.^ ° Both points have 
been amply confirmed by the present study 
which should go a long way to reassure 
investigators that this approach does not 
lack precision when the measurement is 
performed correctly. Skinfold thickness 
measurements have been performed on 
post-natally malnourished infants.^ ^ It is 
obvious from the work reviewed here that 
the technique could be easily adapted so 
that the worker in the field might obtain 
information on both subcutaneous fat and 
water. When used on edematous patients, 
however, the posture of the subject must 
be taken into account in interpreting the 
readings. □ 
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FOLATE BINDER IN LEUKOCYTES AND SERUM 

A macromolecular factor which binds unreduced and 
partially reduced folate but not tetrahydrofolate 
has been detected in the leukocytes and serum 
of patients suffering from chronic myelogenous 
leukemia, pregnant women, and women using ora! 
con tracep tives. / ts physiological 


(or pathological} role 

Key Words: cell lysates, folic acid, folate binder, 
macromolecular 

A macromolecular factor which binds with 
unreduced folate and dihydrofolate (FH 2 ) 
but not tetrahydrofolate (FH^) was acci- 
dentally discovered by S. P. Rothenberg 
and co-workers^ in some leukemic cells 
while assaying the folate reductase activity 
of those cells using a newly developed 
radioassay. Trace amounts of ^H-folic acid 
are used as the substrate in this assay and 
the radio-activity in FH^ after chromato- 
graphic separation of the product is meas- 
ured. Thus, it obviates the use of high con- 
centrations of substrate, which are required 
for the conventional spectro-photometric 
assay. 

Little or no folate reductase activity 
could be detected in the cell lysates from 
four out of seven patients suffering from 
chronic myelogenous leukemia (CML) 
when tracer concentration (1.14 x 10'®M) 
of the substrate ^H-folic acid was used. 


remains speculative. 

However, when the substrate concentration 
was raised by the addition of 0.22 x lO'^M 
stable folic acid, reduction of ^ H-folic acid 
became apparent. With a further increase in 
the concentration of stable folate, an iso- 
tope dilution effect was evident. In the case 
of cell lysates having normal enzyme 
activity, the curve for isotope dilution 
could be extrapolated to zero concentra- 
tion of cold folate. 

The peculiar behavior of lysates from 
CML patients was also apparent when they 
were mixed with lysates of cells having 
normal enzyme activity. This suggested the 
presence of a material in CML cells, which 
bound the trace amount of labeled folate 
and made it unavailable for enzymatic 
reduction. Addition of stable folate dis- 
placed the ^H-folate from the binder and 
reduction was evident. 

Gel filtration of the cell lysates from 
CML patients preincubated with ^ H-folate 
indicated that the binder was a macro- 
molecule having a molecular weight of 
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100,000 to 200,000. It was found to be 
resistant to heating at 56° C for 30 minutes 
and was minimally active below a pH of 
5.0. It bound folic acid and FHg rapidly 
and reacted with such reduced folate ana- 
logues as diopterin, pteropterin, and 
methotrexate. Its presence could also be 
detected in the serum, probably due to 
liberation from the cells that were de- 
stroyed. 

The folate binder could not be detected 
in all leukemic diseases, but that does not 
rule out its presence since endogenous 
folate may bind it and render it undetecta- 
ble by the "isotope binding" method. 

In a more recent paper, M. Da Costa and 
S. P. Rothenberg^ demonstrated the 
presence of this factor in the leukocytes of 
pregnant women as well as of women tak- 
ing oral contraceptive agents (OCA). It 
seems to be induced by the hormonal 
changes associated with pregnancy and use 
of OCA. Sixty-four women in the third 
trimester of pregnancy, ten women taking 
OCA, and 15 non-pregnant menopausal 
women were examined. Lysates or sera 
binding less than 5 percent ^H-folic acid 
(PGA) were considered to contain no folate 
binder. 

Of the 64 pregnant women studied, 31 
had lysates which bound more than 5 per- 
cent of the labeled folate, with a mean 
± SEM binding of 38 ± 5 percent. Seven 
out of ten women on OCA had a detectable 
binder with a mean of 22 ± 8 percent. 
None of the lysates from non-pregnant 
women bound ^H-PGA. There was a 
marked fall in the binding of ^H-PGA by 
cell lysates after parturition. 

The hormone induced folate binder was 
also a macromolecule and could react with 
the anti-sera for CML binder. The anti-sera 
were obtained by immunizing rabbits with 
cell lysates of CML cells containing a high 
concentration of the binder. This shows 
that the folate binder from leukemic cells is 
immunologically similar to the hormonally 
induced binder and that it is not just 
peculiar to malignant cells. 

Levels of several proteins are known to 
rise in pregnancy and in women using OCA. 


It is possible that this factor is a normal 
constituent of cells and serum, but remains 
saturated by the endogenous folate. In 
folate deficiency or in conditions where the 
level of the binder increases, its presence can 
be detected by the ^H-folate binding test. 
The presence of folate binder(s) in the sera 
of folate deficient subjects has been re- 
ported.^ 

The physiological or pathological impli- 
cations of this macromolecular factor are 
not clear. Since it binds FHg, it may have 
some function in de novo thymine-DNA 
synthesis. Da Costa et al.'^ observed that 
CML cells containing a high concentration 
of the folate binder possess reduced ca- 
pacity for the methylation of deoxyuridy- 
late to thymidylate. Since the factor can 
also bind with methotrexate (a potent 
inhibitor of folate reductase), it may affect 
the treatment of leukemia by methotrexate 
and may be the basis of drug resistance 
shown by some leukemic cells. In such 
cases an appropriate adjunct to therapy 
might be simultaneous administration of 
folic acid which by virtue of its greater 
affinity for the binder would leave 
methotrexate to bind with the enzyme 
folate reductase. The folate binding factor 
may have potential value in the treatment 
of neoplastic diseases, provided it could 
enter the cell. 

Biochemical evidence of folic acid de- 
ficiency, as judged by low serum folate 
levels and elevated FIGLU excretion, is 
quite common in pregnancy and among 
women using OCA. Cases of megaloblastic 
anemia have been reported among these 
women, particularly during pregnancy. 
Although Da Costa and Rothenberg^ could 
not observe a direct correlation between 
the concentration of folate binder and 
serum folate or hemoglobin, nor did any of 
the women studied have megaloblastic 
anemia, the percent of pregnant women 
showing serum folate concentration above 
5 ng per milliliter was higher in the absence 
of the binder (63 percent) than in the 
presence of the binder (38 percent). Based 
on this, the authors speculate that "in- 
creased synthesis of this binder in prolifera- 
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ting cells such as bone marrow could 
sequester FH 2 from a metabolically active 
pool of folate coenzymes. Under such 
circumstances this could potentiate the 
metabolic consequences of inadequate 
folate intake or increase folate de- 
mands." □ 
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THE CORRELATION OF SERUM FERRITIN 
AND BODY IRON STORES 


The relationship between serum ferritin levels and total 
body iron stores is discussed. Recent work is evaluated 
which correlates these parameters in iron deficiency, liver 
disease, inflammation, renal failure, and states with increased 
red cell turnover. 


Key Words: serum ferritin, body iron stores, 
hepatocellular disease, chronic inflammation 

The assessment of total body iron stores 
has long lacked an easy method of measure- 
ment. The differential desferrioxamine 
test,^ where iron chelated and excreted is 
thought to be proportional to body iron 
stores, requires a fair degree of cooperation 
from the subject studied and there is evi- 
dence that some of the iron chelated is not 
derived from iron stores.^ The most com- 
monly used method is assessment of the 
amount of iron present in the bone marrow 
but this is an uncomfortable procedure and 
at best only semi-quantitative. Quantitative 
venesection to the level of incipient iron 
deficiency and anemia is sensitive^ but 
impracticable. Certainly none of these 
methods is suitable for large scale popula- 
tion surveys. 

In 1972, G. M. Addison and his col- 
leagues published a sensitive radioimmuno- 
assay for serum ferritin.'^ Recently a 'two- 


site' immunoassay has also been evolved.® 
In this modification, unlabeled antibody 
linked to an immunoadsorbent couples 
with ferritin which then reacts with labeled 
antibody. Thus quantitation of label bound 
is a measure of ferritin concentration. It 
has become apparent that in many 
instances serum ferritin concentration is 
related to the total body iron stores.'^’® 
Ferritin is a high molecular weight com- 
pound composed of a protein shell of 
apoferritin synthesized by the liver sur- 
rounding a ferric hydroxide core, the whole 
forming an octahedral structure. It is the 
main storage form of iron in the liver and 
reticulo-endothelial system either as ferritin 
itself, or as hemosiderin which is thought 
to be a complex aggregate of partially de- 
natured ferritin. In contrast to the iron 
stores (1 g in a normal adult male) the 
amount of ferritin found in the serum by 
radioimmunoassay is miniscule. The normal 
range for the two site assay is generally 
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accepted as 12 to 300 ng per milliliter.^ In 
normal adults the known difference in iron 
stores between the sexes is reflected in the 
serum levels of ferritin. In one series of 
non-anemic individuals the geometric mean 
of serum ferritin levels was 140 ng per 
milliliter for males and 39 ng per milliliter 
for females.^ Previous surveys found levels 
below 10 ng per milliliter in iron de- 
ficiency‘s and supra-normal levels in states 
of iron overload.^ Serum ferritin levels fall 
with repeated venesection® and in refrac- 
tory anemias are proportional to the num- 
ber of transfusions received.® 

The main value of the immunoassay 
method is its ease, and its requirement of 
only small amounts of serum or plasma 
which make it eminently suitable for large 
scale surveys, e.g. of iron nutritional status 
in a population or the effect thereon of iron 
additives to food. However, it has also been 
claimed to be of value in discriminating 
between true iron deficiency and the 
anemia complicating chronic infection or 
chronic inflammatory disorders. In both 
these situations the serum iron levels will 
be low and there is likely to be a micro- 
cytic hypochromic anemia. Some distinc- 
tion between the two conditions may be 
found in the total iron-binding capacity 
which is usually raised in iron deficiency 
and low in the anemia of chronic disorders 
although there are exceptions. Assessment 
of bone marrow stores will usually provide 
the answer. There are, of course, thera- 
peutic implications in assessing iron stores 
since the anemia of chronic disorder,^ even 
if hypochromic and microcytic, will re- 
spond little to iron therapy. 

Since apoferritin is synthesized in the 
liver and ferritin is stored in large amounts 
therein, it seems probable that hepatic 
function could also affect the serum 
ferritin levels. A series of hospital patients 
has now been studied by D.A. Lipschitz 
and his co-workers^ ° and the levels of 
serum ferritin correlated with other hema- 
tological parameters. Serum iron, total 
iron-binding capacity, and serum ferritin 
were measured in all subjects. Thirty-two 
patients with uncomplicated iron de- 
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ficiency were studied. The criteria for selec- 
tion were a transferrin saturation of less 
than 16 percent (8 ± 3 percent for the 
group), a total iron-binding capacity of 
greater than 400 ng per 100 ml (actually 
estimated as 479 ± 73 ng per 100 ml), and 
no evidence of an inflammatory or hepatic 
disorder. In this group the mean serum fer- 
ritin was found to be 4 ng per milliliter with 
a range of 1 to 14 ng per milliliter. Con- 
versely, in iron overloaded patients, high 
serum ferritin levels were found. In three 
patients with hemochromatosis untreated 
by venesection the values were 3215, 6018, 
and 6100 ng per milliliter. In 20 patients 
who had received at least 20 blood trans- 
fusions the mean serum ferritin was 2713 
ng per milliliter. A highly significant correl- 
ation was observed between the number of 
transfusions and the serum ferritin level, 
and analysis of the data showed that each 
transfusion raised the serum ferritin by the 
order of 60 ng per milliliter. 

Thirty-nine patients were classified as 
having an inflammatory disorder on the 
grounds of clinical symptoms, erythrocyte 
sedimentation rate, pyrexia, or leucocy- 
tosis. Some of these patients were anemic 
with a mean hematocrit of 30 ± 4 percent. 
Low serum iron levels were found, 38 ± 1 1 
Mg per 100 ml, but total iron-binding ca- 
pacity was low at a mean of 227 ± 81 ng 
per 100 ml. Transferrin saturation, there- 
fore, was higher than that in iron deficiency 
at 18 ± 5 percent. In this group the mean 
serum ferritin was 305 ng per milliliter with 
a wide range of 10 to 1650 ng per milliliter. 
There was no apparent relation between 
serum ferritin and the duration, type, or 
severity of the inflammatory process. 

Thirty-seven patients had liver disease as 
assessed by increased serum bilirubin and 
high serum alkaline phosphatase levels. The 
majority had an alcoholic etiology and all 
these patients were anemic. The hematocrit 
of the group as a whole was 30 ± 4 percent. 
This group had high serum iron levels, 
slightly reduced total iron-binding capacity, 
and high transferrin saturation. These 
patients had a high serum ferritin level with 
a mean of 509 ng per milliliter and a range 



of 25 to 3239 ng per milliliter. The mean 
values of the 29 patients with alcoholic 
liver disease were comparable with those of 
eight patients with viral hepatitis of whom 
only one was anemic. Nine additional 
patients had both liver dysfunction and evi- 
dence of an inflammatory process. Here the 
serum ferritin was higher still with a mean 
of 801 ng per milliliter and again with a 
wide range. 

Seventy-five of the patients in the in- 
flammatory and hepatic dysfunction 
groups and a control group consisting of 
patients with other disorders had bone- 
marrow aspirations performed for the 
assessment of iron stores. These were cate- 
gorized as absent, diminished, moderate, or 
increased and correlated with the basic 
diagnosis. Patients with inflammation 
showed elevation of the serum ferritin com- 
pared with the control group for a given 
amount of marrow iron. This was even 
more true of patients with liver disease. 
Thus, of those with absent iron stores, the 
12 control patients had mean serum ferritin 
levels of 6 ng per milliliter, the patients with 
inflammation 21 ng per milliliter, and the 
patients with liver disease 61 ng per milli- 
liter. A similar pattern of results was seen 
at each level of bone marrow iron stores. 
Thus a low serum ferritin level provides 
evidence of iron deficiency, but the con- 
verse that a normal level excludes it, is not 
shown to be so. Additionally an increased 
serum iron level may be due to inflamma- 
tion or hepatic disease, rather than to in- 
creased iron stores. In these two groups the 
few patients with additional iron deficiency 
did tend to have lower serum ferritin levels 
than those without iron deficiency but the 
majority still fell within the normal range. 

Fifteen patients studied had an anemia 
with increased red cell turnover; seven 
patients with megaloblastic anemia, one 
with sideroblastic anemia, and eight with a 
hemolytic anemia. In this group the mean 
serum ferritin was high at 419 ng per milli- 
liter. Twelve of these patients had bone 
marrow aspirations. As with the previous 
groups, there was a tendency for serum 
ferritin levels to be higher than normal for 


a given quantity of bone marrow iron. For 
example, four patients with diminished 
iron stores had serum ferritin values of 61 
to 354 ng per milliliter. In nine patients 
with chronic renal disease who had not re- 
ceived iron therapy or blood transfusion, 
the mean serum ferritin was 32 ng per milli- 
liter and levels showed a correlation with 
bone marrow iron stores comparable to the 
control group. 

A correlation was observed in these 
studies between serum ferritin and total 
iron-binding capacity but not with any 
other hematological parameter. This was 
particularly true for 39 patients with 
anemia and inflammation. The correlation 
is, of course, inverse with iron overloaded 
patients showing the highest serum ferritin 
and lowest total iron-binding capacity and 
iron deficiency showing converse results. 
This is an interesting observation and the 
authors suggest that total iron-binding 
capacity should receive more attention as a 
possible measure of total body iron stores. 

This paper thus substantiates the 
hypothesis that serum ferritin will delineate 
uncomplicated iron deficiency. Iron de- 
ficiency compounded by hepatic disease or 
chronic inflammation will not necessarily 
be manifest in the serum ferritin levels. 
Since a similar high ferritin was also found 
in hemolytic states, this presumably will 
also be the case in the uncommon situa- 
tions where iron deficiency and hemolysis 
can co-exist, e.g. paroxysmal nocturnal 
hemoglobinuria. The conclusion suggested 
by this work is that in a patient with 
chronic inflammation a high serum ferritin 
will exclude iron deficiency but a result 
within the normal range will not. This 
aspect requires further investigation in a 
larger number of patients. It would also be 
of interest to investigate other anemias 
thought to be due to a block to iron release 
by the reticulo-endothelial cell, e.g. 
rheumatoid arthritis and neoplasias, par- 
ticularly of the gut where there may be an 
associated iron deficiency due to blood 
loss. 

The alcoholic patients with hepatic 
dysfunction included in this study were all 
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anemic and it would be of interest to have 
been given details of the etiology of the 
anemia. In this situation it is often a mega- 
loblastic anemia due to a dietary deficiency 
of folate or a secondary sideroblastic 
anemia. These are both conditions of in- 
creased red cell destruction and it might 
have been thought that some of the in- 
crease in serum ferritin levels could be 
attributable to this. However, although 
their number is small, the hepatitis patients 
of whom only one was anemic, showed 
comparable elevation of serum ferritin 
levels. 

Recent work^^ where the ferritin and 
transferrin fractions of serum were sep- 
arated by ultracentrifugation after the 
administration of ^®Fe-labeled heat- 
damaged red cells suggested that serum 
ferritin iron is largely derived from 
reticulo-endothelial iron. Normally this 
iron comes from senescent red cells. 
Ferritin iron is then largely transported to 
the hepatocytes. Transferrin, on the other 
hand, is concerned with transfer of iron 
from the liver and after absorption from 
the gut to the developing erythropoietic 
cells. If these results are substantiated it 
seems notable at first sight that in situa- 
tions where the reticulo-endothelial system 
fails to release iron, nevertheless, supra- 
normal levels of ferritin, whose iron moiety 
is thought to be derived from this same 
source, are detectable in the plasma. How- 
ever, more rapid turnover of apoferritin 
from damaged liver cells is likely in hepato- 
cellular disease, but this is also a possibility 
in chronic inflammatory states where there 
are increases in other proteins synthesized 
in the liver, e.g. fibrinogen and haptoglobin. 
The development of methods for measuring 
ferritin have obviously opened up a new 
chapter in the field of iron metabolism and 
the next few years should see substantial 
advances. □ 
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NUTRITION CLASSICS 


from THE JOURNAL of PHYSIOLOGY 35:88-102, 1906-1907 


THE IMPORTANCE OF INDIVIDUAL AiMINO-ACIDS 
IN METABOLISM. Observations on the Effect of 
adding Tryptophane to a Dietary in which Zein is the 
sole Nitrogenous Constituent. By EDITH G. WILLCOCK, 
Fellotv of N ewnham College, Cambridge, and F. GOWLAND 
HOPKINS, F.R.S. 

(From the Physiological Laboratory, Cambridge,) 


The behaviour of the animal body under the influence of deficiences in its 
supply of nitrogenous foodstuffs has hitherto been studied almost entirely 
from the aspect of fluctuations in nitrogenous equilibrium. It is, of course, 
clear that tire existence of such equilibrium, if sufficiently prolonged, is 
the best proof that all the needs of tlie body are being satisfied. It is no 
less certain, however, that the full significance of nitrogenous equilibrium 
is as yet but imperfectly understood. Many metabolic factors are probably 
involved in its maintenance, and the condition is one wliich should be 
susceptible of some experimental analysis. 

A deficiency in a nitrogenous dietary need not necessarily be one of 
quantity; the form in which the nitrogen is supplied may determine its 
efficiency. Thus, in the familiar case of gelatine it is, of course, a qualita- 
tive deficiency which makes tliat substance unable to maintain nitrogenous 
equilibrium. It is generally supposed that this qualitative deficiency is 
occasioned by tlie absence from gelatine of certain molecular groups which 
are present in true protein, but this hypothesis leaves unexplained the 
advantage possessed by gelatine over fats and carbohydrates as a protein 
sparer. It is assumed that gelatine, owing to its constitutional deficiences, 
cannot repair tissue waste, but can replace protein in so far as the latter 
functions as a source of energy; sharing witlr the proteid some unexplained 
advantage over fats and carbohydrates in this latter capacity. 

Recent advances in physiology seem to justify a fresh attack upon this 
subject, upon somewhat different lines. It now seems necessary to 



differentiate between tlie minimal amount of protein necessary for actual 
tissue repair and that required for total maintenance; we have no reason 
for assuming tliat they are the same. We are no longer bound to Liebig’s 
view, or to any modification of it which implies that the whole of the 
proteid consumed is utilized as intact proteid; nor are we even compelled 
to assume that the whole of what is broken down in the gut is 
resynthesised before utilization. Proteid products may function in other 
ways than in the repair of tissues or in supplying energy. It is highly 
probable that the organism uses tliem, in part, for more specific and more 
immediate needs. The discovery of substances absolutely essential to life, 
highly specific, and elaborated in special organs, suggests that some part, at 
least, of the protein products set free in the gut may be used directly by 
tliese organs as precursors of such specific substances. In adrenaline, for 
instance, we have an aromatic substance absolutely essential for the 
maintenance of life, and it is probable that the suprarenal gland requires a 
constant supply of some one of the aromatic groups of the proteid 
molecule to serve as an indispensable basis for the elaboration of 
adrenaline. If this be so it is certain that the gland itself could not, in 
starving animals, supply sufficient of such a precursor to outlast the 
observed survival periods^. 


o o o 

On this basis we have a hypothesis to account for the special protein- 
sparing properties of gelatine. It shares with protein certain molecular 
groupings needed to satisfy specific needs, and is thus superior to fats and 
carbohydrates as a protein-sparer; it lacks, on the other hand, certain other 
necessary groupings, fails therefore to supply all such needs, and thus 
cannot replace true proteid. 

Considerations such as tliese formed the basis for the experiments de- 
scribed in the present paper. The results obtained seiwe to show that even 
when tissue-equilibrium is not maintained the presence or absence of some 
one amino-acid in the diet may affect most materially the survival period 
and general well-being of an animal. 

Exp, IV; Senes E, F, and G, In this experiment three series were com- 
pared. The one had die zein diet alone; another had the same with 
tryptophane added to the extent of 2 per cent of tlie zein present. The 
tliird series had, the zein diet with tyrosine added to the extent of 2% of 






the zeiii- Tyrosine is already present abundantly in zein, and on this 
account it was chosen as an addendum to a series forming a second 
control. That in this, as in subsequent experiments, its addition makes no 
difference to the effect of the zein diet, is sufficient to show that the 
modifications due to tryptophane are specific and not due merely to in- 
creasing the amount of aromatic amino-acids. 



E. Zein 

diet. 

F. 

Zein diet + Tyrosine, 

G. 

Zein diet -f Trypfcopliane, 

Mouse 

Survival 

Omnge In 

Mouse 

Survival 

Change in 

Mouse 

Survival 


Change in 


No. 

period 

weight 

No. 

period. 

weight 

No. 

period 


weiglit 


19 

15 days 

-27-7 0/0 

26 

12 days 

-24*3-o/o 

33 

24 day 8 + 

40*4 o/o (alive) 

20 

15 

-32-2 

27 

15 

-31-5 

34 

24 

+ 

39*0 

(alive) 

21 

15 

-20*3 

28 

19 

-30*3 

35 

24 

+ 

38*0 

(alive) 

22 

17 

-32-6 

29 

19 

-27*7 

36 

24 

+ 

27*6 

(alive) 

23 

12 

-22*7 

30 

10 

-27-6 

37 

24 


28*8 

(alive) 

24 

17 

-36-6 

31 

10 

-17*3 

38 

16 


33*7 


25 

17 

-32*9 

32 

12 

-32*8 

39 

10 


34*8 


Mean 

15 

- 29*2 


14 

-27*3 


21 + + 


34*6 



The experiment had, unfortunately, to be stopped on the 24th day. By 
tliis time all the mice without tryptophane had been dead for some days, 
while of the seven which received tryptophane five were still alive, and, 
thougli thin, were well and active. The temperature when the experiment 
was made was low, and all the mice without tryptophane were extremely 
torpid after exposure to cold in the night. They had to be warmed in front 
of a fire in the morning before becoming sufficiently active to seek their 
food. The tryptophane series were warmed at the same time to keep the 
conditions of experiment similar, but in their case there was no necessity 
for this; they were active throughout. 


Summary of results. 

1. A dietary containing zein as its only nitrogenous constituent is 
unable to maintain growth in young mice. 

2. The addition of tryptophane (an amino-acid absent from the de- 
composition products of zein) to such a dietary does not make it capable 
of maintaining growth. 

3- On the other hand this addition greatly prolongs the survival period 
of animals fed upon zein, and materially adds to the well-being of such 
animals. 

4. The addition of tyrosine (which is already present in zein), in 
equivalent amounts, has no such effect. 

5. It is suggested that the tryptophane is directly utilized as the normal 
precursor of sonie specific “hormone” or other substance essential to the 
processes of the body. 





ZINC AVAILABILITY IN LEAVENED 
AND UNLEAVENED BREAD 

The leavening process was shown to greatly increase the solubility 
and in vitro intestinal uptake of zinc from wholemeal bread. 


\ Key Words: zinc, phytate, wheat 
I A characteristic of the rural Iranian diet, 

I which induces a high incidence of zinc de- 
ficiency, is the high proportion of un- 
leavened wholemeal wheat bread which 
contains significant concentrations of 
phytate. 

A role of phytate (inositol hexaphos- 
phate) in interference with absorption of 
zinc in animals has been reported and 
I apparently explained as the result of the 
i formation of a highly insoluble zinc- 
calcium-phytate complex.^ It is probable 
that in natural foodstuffs, substances other 
j than phytate interfere with zinc absorp- 
// tion.^ Since zinc supplementation of these 
i diets in rural areas is probably not a practi- 
cal solution to the problem, J. G. Reinhold 
et al.^ recently investigated the effects of 
leavening of bread on increasing the solu- 
bility of its zinc. This investigation follows 
earlier observations that the leavening 
process reduces the phytate content by ac- 
tions of phytate-splitting enzymes of the 
i yeast. 

I ®^Zn-labeled wheat was produced in a 
greenhouse by injecting a ®^Zn chloride 
solution into the stems of plants ten days 
before maturity and harvest. The labeled 
wheat was ground and used after dilution 
with ordinary Iranian wholemeal flour for 
I the production of leavened and unleavened 

bread. The latter contained killed yeast to 
balance the live yeast used in the leavening 


process. The baked bread was dried and 
ground to a powder. 

Solubility of ®®Zn and total zinc was 
measured in supernatant solutions follow- 
ing two-hour extractions of bread flours in 
0.85 percent sodium chloride adjusted to a 
pH of 4.5 to 7.5. 

®^Zn uptake was measured in opened 
segments of rat small intestine incubated 
aerobically in a sodium chloride-potassium 
chloride-glucose solution adjusted to a pH 
of 6.0 to 6.6 and containing the bread 
flours. After incubation the intestinal seg- 
ments were gently rinsed, dissolved in 
sulfuric acid, and subjected to gamma 
counting. 

Phytate was determined as the phos- 
phate present in precipitated ferric phytate 
after its complete hydrolysis. 

Solubility tests measured either as ®^Zn 
or total zinc released gave similar results. 
As the pH was lowered from 7.5 to 4.5, 
solubility of ®®Zn increased exponentially. 
At all pH levels the ®^Zn from leavened 
bread flour was more soluble than that 
from unleavened bread flour. The differ- 
ence was about threefold between a pH of 
6.0 and 7.0, the range common in the small 
intestinal lumen. 

Uptake of ®^Zn by five of the six seg- 
ments of jejunum and ileum tested was 
significantly increased by 30 to 50 percent 
when leavened bread flour was tested in 
comparison to the unleavened bread flour. 
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The leavening process decreased phytate 
content of the bread by 15 to 25 percent, 
increased ®^Zn solubility by three- to four- 
fold, and increased ®^Zn uptake by 30 to 
50 percent. The disproportions among 
these data suggest that zinc availability may 
be mediated by factors other than phytate, 
either in the bread flour or inherent in the 
incubation system employed. In any event, 
it appears that leavening of wholemeal 
bread might result in improved utilization 
of the zinc in the bread. □ 
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NITROSAMINES AND CANCER 

A high proportion of rats fed nitrites pius secondary 
or tertiary amines deveioped maiignan t turn ors. it is 
postuiated that the nitrosamines produced in vivo as a 
resuit ofchemicai interaction are the causative agents. 


Key Words: cancer, nitrites, amines, nitrosamines 

It has been known for many years that 
various environmental hazards are asso- 
ciated with an increased risk of cancer. For 
example, people who work with creosote 
and coal tar are more prone to develop- 
ment of cancer of the skin. Since P. N. 
Magee and J. M. Barnes^ first showed that 
nitrosamines caused hepatic cancer in rats 
there has been considerable interest in 
these substances. 

It is well known that secondary and 
tertiary amines may react with nitrites in 
vitro and produce nitrosamines. Since 
nitrites are widely used in curing food 
products, it was natural to turn to cured 
foods and estimate the quantities of nitro- 
samines found in them. N. T. Crosby et al.^ 
examined several processed foods and 
found that only very small quantities of the 
potentially harmful nitroso compounds 
could be detected. These authors were of 
course careful to point out that the foods 
they tested represented a very small frac- 
tion of available food products. More re- 
cently, N. P. Sen et al.^ examined various 


brands of sausages and found that one, 
made with a specific meat-curing mixture 
which contained 0.96 percent sodium 
nitrate and nitrite, was contaminated with 
nitrosamines. They further established that 
some spices, such as black pepper and 
paprika, can react with nitrites to form 
nitrosamines. The practice of mixing cer- 
tain spices with nitrites may thus lead to 
the formation of nitrosamines when the 
products are stored or further processed. 

W. Lijinsky and his colleagues have con- 
centrated more on the possible effects of 
the formation of nitrosamines in vivo as a 
result of ingesting nitrites and amines. They 
showed that rats developed esophageal 
tumors when they were fed nitrites plus 
methylbenzylamine.'^ 

W. Lijinsky and co-workers^ have now 
reported on some of their experiments in 
this field. They used three experimental 
groups of 30 rats each, which were given 
the following solutions to drink: hepta- 
methyleneimine hydrochloride plus sodium 
nitrate, aminopyrine at two dose levels 
(250 mg per liter and 1 g per liter) plus 
sodium nitrite (the authors first determined 
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that the prepared mixtures contained negli- 
gible quantities of nitrosamines). There 
were no deaths among the 
control rats given nitrite, aminopyrine, or 
heptamethyleneimine hydrochloride alone. 
Twenty-nine of 30 rats given aminopyrine 
at the high dose level plus nitrites died with 
malignant tumors within 30 weeks: 13 of 
14 rats who died as a result of taking the 
lower dose of aminopyrine plus nitrite for 
50 weeks were found to have malignant 
tumors. Heptamethyleneimine hydrochlo- 
ride plus nitrate produced fatal tumors in 
20 of the 23 rats who died after 28 weeks. 
The animals fed aminopyrine developed 
mainly hepatic tumors while those on 
heptamethyleneimine produced pulmonary 
and esophageal cancers. 

The authors make the claim that "the 
results of these experiments suggest that 
the interaction of secondary and tertiary 
amines with nitrites in the stomach may 
represent an important facet of the eti- 
ology of cancer in man." This claim must 
of course be subject to the usual strictures 
against transposing the results of animal 
experiments to the human situation. The 
authors give no data on the levels of nitrites 
or amines likely to be ingested by man, and 
although they state that amines in cigarette 
smoke may be dissolved in the mouth and 
swallowed, they give no evidence from 
their own experience or from the literature 
that this is a possibility. It has been shown, 
however,® that nitrosamines may be 
present in small quantities in condensates 
of tobacco smoke. 

Before this theory is accepted, we need 
epidemiologic data on human beings that 
can be related to the laboratory findings. Is 
there only a dietary reason for the differ- 
ences in cancer incidence in different parts 
of the world, or between different groups 
of people from the same part of the world? 
If nitrites were eliminated from the diet 
would the probability of cancer in such 
high-risk group as heavy cigarette smokers 
be reduced? 


There are other nutritional considera- 
tions which must be borne in mind. There 
is for example, evidence that the effect of 
dietary carcinogens may be modified by 
the level of protein intake. With respect to 
dietary protein, it has been shown that the 
level of dietary protein and lipotropic fac- 
tors has a marked effect on the capacity of 
aflatoxin to produce cancers in rats.^ 

Unfortunately there were no data given 
in the experiments reviewed here on such 
things as protein, mineral, and vitamin in- 
take by the various groups of rats relative 
to each other and relative to the controls. 
There should be as much interest in those 
animals which do not develop tumors as in 
those that do. These and similar questions 
must flow naturally from this interesting 
line of research by this group. □ 
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CENTRAL NERVOUS SYSTEM CHANGES IN DEFICIENCY 
OF VITAMIN Bg AND OTHER B-COMPLEX VITAMINS 




The effects of vitamin Bq deficiency 
on the centra! nervous sytem are not confined 
to the critical preweanling period of brain 
development. Central nervous system 
abnormalities are associated with deficiencies 
of thiamin, riboflavin, niacin, folic acid, 
and biotin, besides pyridoxine. 


Key Words: central nervous system, electrophysio- 
logical changes, vitamin Bg-deficiency, postwean- 
ing period 

Nutritional deficiencies cause defects in 
cellular metabolism of the brain, which 
lead to electfophysiological changes and 
finally manifest as behavioral (sensory, 
motor, intellective, and personality) ab- 
normalities. Neurodietetic research has 
primarily relied on behavioral tests based 
on conditioning and learning experiments, 
where appetitive behavior or reflex and 
locomotor responses to electric shock are 
used as criteria for assessment. Such tests 
cannot distinguish between effects on appe- 
tite and motor system from those on learn- 
ing. Further, central nervous system (CNS) 
involvement can only be inferred through 
behavioral tests. 

A more objective and direct assessment 
of CNS involvement is based on a electro- 
physiological approach. In recent years 
electroencephalographic (EEG) techniques 
of resting tracings, activated tracings, fre- 
quency analysis, and evoked response from 
photic, auditory, and somatosensory 
stimuli have been used for measuring and 
monitoring electrophysiological changes in 
malnutrition. 

Detrimental effects of vitamin Bg de- 
ficiency on CNS as reflected in behavioral 
and electrophysiological changes have been 
reported in animals and humans.^ A study 
in rats suggests that the deficit in avoidance 


learning seen in post-weaning vitamin Bg 
deficient rats, is distinct from the slight but 
significant motor deficit suffered by those ■ 
animals.^ M. C. Stephens et al.^ reported 
that vitamin Bg deficiency induced in rats 
during the preweaning period, when active 
brain development is in progress, can result 
in the onset of seizures and EEG changes. 
The deficient animals also show abnormali- 
ties in the auditory evoked cortical poten- 
tials with respect to their latency, wave 
form, and response to repetitive stimuli. 


In a recent report, C.N. Stewart et al.'^ 
showed that the deleterious effects of Bg 
deficiency on CNS can be observed even 
when the deficiency is induced in the post- 
weaning period (from the age of 21 days 
onwards) when the brain development has 
been almost completed. Latency of visually 
evoked cortical response was used as a 
measure of CNS reaction to stimulation. 
Chronic electrodes were implanted in the 
brain with the electrode tips located on the 
surface of the dura over the visual cortex 
and vertex. A third electrode which served 
as ground was placed on the os nasale, to 
minimize the movement artifact. Each 
animal was exposed to 50 successive stimuli 
at five different light intensities. Signals 
from the visual cortex were amplified and 
fed into a computer. Averages of 50 stimuli 
were recorded. 

With an increase in intensity of photic 
stimulation, the latency of response dimin- 
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ished in control as well as deficient groups. 
The vitamin Bg deficient animals showed 
significantly higher latency at each inten- 
sity and this improved after treatment with 
pyridoxine. These data suggest that the 
effects of vitamin Bg deficiency on CNS 
are not necessarily confined to the critical 
preweanling period of brain development. 
The possibility of the observed changes as 
being due to inanition was ruled out since 
in an earlier study, these workers had failed 
to observe the effect of food restriction on 
cortical evoked responses.'^ Besides, the 
CNS abnormalities could be reversed by the 
administration of pyridoxine. 

The neurochemical basis of CNS lesions 
in vitamin Bg deficiency is not understood. 
Induction of vitamin Bg deficiency in the 
preweaning stage reduces the DNA, RNA, 
and protein content of the brain, but simi- 
lar changes are not observed when the 
deficiency is induced in the postweaning 
stage.® The levels of serotonin and nor- 
adrenaline are not altered in vitamin Bg 
deficiency.® The depletion of pyridoxal 
phosphate (PLP) in the brain of rats fed on 
vitamin Bg deficient diet is 50 percent, and 
not as high as that in other tissues.'^ The 
activities of some PLP enzymes in the brain 
fall® and the synthesis of gamma- 
aminobutyric acid in the brain decreases in 
Bg deficiency.®’^ The latter may lead to 
increased CNS excitability. 

Behavioral and/or electrophysiological 
abnormalities were also observed in the 
deficiencies of other B-complex vitamins 
such as thiamin,® riboflavin,®'®® niacin,®® 
folic acid,®®’®® and biotin.®"® These 
changes in some instances were found to 
precede other clinical manifestations of the 
deficiency syndrome.®’®® Some early liter- 
ature on the effects of B-complex vitamin 
deficiencies on brain function has been re- 
viewed by J. Brozek and G. Vaes.®® Much 
of the older data is difficult to evaluate 
since experiments were carried out with 
only semi-pure diets. The recent studies, 
however, leave little doubt that the de- 
ficiency of many B-complex vitamins in 
early or adult life can have profound 
effects on the CNS. The implications and 


consequences of such abnormalities in 
brain function on the overall performance 
of populations where widespread malnutri- 
tion exists need attention and investi- 
gation. □ 
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COMPETITION BETWEEN PHLORIZIN AND 
GOLD THIOGLUCOSE FOR GLUCORECEPTOR CELL 
TRANSPORT MECHANISMS IN THE HYPOTHALAMUS 


Phlorizin injected locally in the region of 
the medial hypothalamus protects glucoreceptor ceils from 
necrosis due to gold thioglucose injections and 
defines a group of cells which are particularly 
associated with the regulation of food intake in mice. 


Key Words: glucose transport, food intake, 
hypothalamus, phlorizin 

The proposed mechanisnn by which glu- 
coreceptor cells of the hypothalamus regu- 
late food intake depends on the uptake of 
glucose by the cells through specific trans- 
porting processes. Some substances which 
inhibit or compete for carrier mechanisms 
involved with glucose uptake in other ceils 
of the body have been investigated as they 
relate both to changes in glucose transport 
in the glucoreceptor cell and to changes in 
food intake. 

Phlorizin inhibits glucose transport by 
the enterocyte of the gut and if phlorizin 
inhibits glucose transport in these cells, 
then the ceils should not respond to high 
blood glucose concentrations and fail to 
shut off food intake. When phlorizin was 
injected locally into the lateral cerebral 
ventricle of the rat, a state of hyperphagia 
and weight gain was produced.^ Similar 
amounts given intraperitoneally failed to 
produce effects on food intake. A hy- 
pothesis was developed that local instilla- 


tion of phlorizin inhibited the adjustment 
of food intake according to caloric expend- 
iture as it relates to glucose concentration 
in blood by the inhibition of glucose trans- 
porting mechanisms. 

A. F. Debons and associates^ further 
extended the test of this hypothesis by 
injecting phlorizin intrahypothalamically. 
They followed this injection with gold 
thioglucose which, as has been shown in 
the past, destroys glucoreceptor cells. 
Phlorizin was labeled with radioactive 
hydrogen so that autoradiographic localiza- 
tion of phlorizin in brain sections could be 
done to define the region of phlorizin in- 
hibition in the hypothalamus. 

Phlorizin protected 16 of 18 mice 
studied from the usual necrosis of the 
ventromedial area of the hypothalamus 
produced after gold thioglucose injection. 
In 13 of the animals, prevention was uni- 
lateral, on the side of the injection; in the 
remaining three, prevention was bilateral. 
These data suggested a local action of 
phlorizin which was enlarged due to dif- 
fusion across tissue in the region of the 
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third ventricle. In contrast to these studies, 
when saline was injected, necrosis of the 
ventromedial area was found in 15 of 17 
mice. Phlorizin was effective if injected 
within a distance of approximately 1 mm 
from the midline of the brain. 

Autoradiography of four animals re- 
vealed heavy labeling of cells in the ventro- 
medial hypothalamus. These cells were 
interspersed among a large number of un- 
labeled cells. The labeled cells were most 
heavily concentrated in the lateral part of 
the arcuate nucleus and the area between 
the arcuate and ventromedial nuclei. 
Labeled cells extended in a band laterally 
along the ventral border of the hypo- 
thalamus for a distance of about 1 mm 
(about halfway to the lateral border of the 
hypothalamus). The cells in the 
rostrocaudal direction were labeled for 
approximately the middle third of the 
hypothalamus. The area of distribution of 
phlorizin labeled cells coincided with areas 
previously described in which necrosis and 
desolution of cells first appear after gold 
thioglucose administration. 

The cells labeled with phlorizin re- 
sembled oligodendrocytes in that they were 
about the same size, smoothly rounded or 
oval, with dense membranes, and abundant 
chromatin. They differed from the 
oligodendrocyte nuclei in having more 
finely divided chromatin and the promi- 
nent nucleolus. The readily visible "halo" 
of the perinuclear cytoplasm, characteristic 
of the oligodendrocytes, was not seen in 
the phlorizin-labeled cells. Within the cell 
labeled with phlorizin the most concen- 
trated portion was within the perinuclear 
region. The nuclei were free of phlorizin. 
The cells occurred in groups of two or 
three contiguous cells. 

The data supported the hypothesis that 
hyperphagia induced by intraventricular in- 
jection of phlorizin was most likely 
mediated by the inhibitory action of 
phlorizin on glucose transport of gluco- 
receptor cells of the ventromedial hypo- 
thalamus. Phlorizin acted on the ventro- 
medial region of the hypothalamus and was 
effective in preventing necrosis usually 
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occurring after gold thioglucose injection. 
Most likely, it is the glucose transporting 
mechanism that is responsible for absorp- 
tion of gold thioglucose into these nervous 
cells which then induces necrosis and 
phlorizin prevented the uptake of gold 
thioglucose. Further, phlorizin appearing in 
a particular single type of cell in a cellularly 
heterogenous area, further supported the 
concept of a specific glucoreceptor cell 
which regulates feeding behavior. 

Previous data, on the other hand, have 
been advanced that gold thioglucose pro- 
duces inflammatory changes due to toxic 
reactions within capillary walls rather than 
affecting a particular glucoreceptor cell.^ 

It has been shown that the glucose ana- 
logue, 2-deoxyglucose, prevents gold 
thioglucose-induced obesity as well, most 
likely by competing for transport mecha- 
nisms as does phlorizin within the gluco- 
receptor cells."^ When 2-deoxyglucose is 
given alone, it induces pronounced 
hyperphagia as does phlorizin. Further 
implications of glucose transporting 
mechanisms is that insulin deficiency pre- 
vents gold thioglucose-induced necrosis of 
the ventromedial hypothalamus while ad- 
ministration of insulin rapidly restores the 
sensitivity of gold thioglucose.® Finally, 
the binding of phlorizin by cells which 
seem to be the same cells that undergo 
necrosis due to gold thioglucose, suggests 
there are specific cells sensitive to gold 
thioglucose. 

These interesting data combined with 
previous reports of the interaction between 
phlorizin, deoxyglucose, insulin, and gold 
thioglucose on a specific cell in the ventro- 
medial hypothalamus suggest several addi- 
tional experiments which would be of 
much interest in better understanding the 
regulation of food intake by glucoreceptor 
cells. For instance, ouabain inhibits the 
active transporting mechanism of sodium 
and in turn, inhibits the active transporting 
mechanism of glucose in the gut. If active 
transport of sodium is a requirement for 
glucose transport by the glucoreceptor cells 
then injection of ouabain into the hypo- 
thalamus should produce hyperphagia. 




These studies suggest possibilities which 
might explain the inability to clearly apply 
the glucoreceptor theory to explain food 
intake in human beings. For instance, 
because of the many naturally occurring 
compounds which compete for carriers 
involved with glucose transport, transport 
of glucose into the glucoreceptor cell could 
be delayed and the reflex "damped" for 
turning off food intake. Some amino acids 
compete for these carrier mechanisms and 
are usually components of absorbed nutri- 
ents along with glucose. If amino acids 
partially tie up the carrier mechanisms in 
the gluco receptors, the response to high 
blood glucose would not be as prompt as 
they would be in the absence of amino 
acids. 

These studies may offer some hope for 
better pharmacologic control of appetite. 
For instance, if phlorizin proves nontoxic 
for human beings and if it does not perm- 
anently damage tissues by tying up trans- 
porting mechanisms for glucose, then such 
a drug might have a role in the treatment of 
anorexia nervosa. 

Similar studies on the induction of 
"satiety" might be helpful. The treatment 
of obesity and hyperphagia is disappointing 


at present in the human being; none of the 
physiological experiments which deal with 
appetite control in animals has been of 
much use in preventing or treating obesity 
and inhibiting food intake. The identifica- 
tion of substances which facilitate or 
inhibit glucose transport into glucoreceptor 
cells of the hypothalamus may be a prom- 
ising area of investigation. □ 
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VITAMIN K AND THE CARBOXYLATION OF GLUTAMYL RESIDUES 
IN THE FORMATION OF PROTHROMBIN 


Evidence is presented for the occurrence of a new amino acid, 
gamma-carboxygiutamic acid in prothrombin. It is proposed that this 
amino acid accounts for the calcium-binding properties of prothrombin. 
A rote for vitamin K in the carboxylation of protein gamma-glutamyl 
residues is indicated. 


Key Words: vitamin K, prothrombin, gamma- 
glutamyl carboxylation, gamma-carboxygiutamic 
acid 

The formation of prothrombin is a vitamin 
K dependent process. In animals deficient 
in vitamin K or receiving coumarin anti- 
coagulants, a protein is formed which has 
chemical and immunological properties 
similar to prothrombin. This protein, desig- 


nated abnormal prothrombin, can be con- 
verted to thrombin by in vitro procedures 
but it is not so converted in vivo. Abnormal 
prothrombin differs mainly from pro- 
thrombin in its inability to bind calcium, a 
process essential to the in vivo conversion 
of prothrombin to thrombin and initiation 
of the blood clotting mechanism. Hence, 
interest^ -2 has focused on the nature of the 
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groupings in prothrombin which bind cal- 
cium because their formation would seem 
to be intimately bound to the mode of 
action of vitamin K. Evidence has now 
been presented by two different labora- 
tories that the calcium-binding properties 
of prothrombin are probably due to its 
content of a new amino acid, gamma 
carboxyglutamic acid. Vitamin K thus 
appears to function by inducing the car- 
boxylation of glutamyl residues in abnor- 
mal prothrombin and thereby converting it 
to prothrombin. 

In the studies of J. Stenflo and co- 
workers^ attention has focused on a com- 
parison of the properties of peptides 
isolated from the NH 2 — terminal portions 
of both prothrombin and abnormal pro- 
thrombin. It has been previously shown 
that it is in this portion of the prothrombin 
molecule that its calcium-binding groups 
are localized. Employing BrCN and trypsin, 
a heptapeptide was isolated from pro- 
thrombin which had a higher anodal elec- 
trophoretic mobility at a pH of 6.5 than 
the corresponding heptapeptide obtained 
from abnormal prothrombin. Further diges- 
tion of this heptapeptide with aminopep- 
tidase and carboxypeptidase yielded a 
tetrapeptide that still has an abnormally 
high anodal electrophoretic mobility at a 
pH of 6.5. Acid hydrolysis of this tetra- 
peptide yielded two molecules of glutamic 
acid and one each of valine and leucine. 
From the known sequence of the hepta- 
peptide (unpublished data) the authors 
were able to conclude that the tetrapeptide 
had the basic structure Leu-Glu-Glu-Val. 
This tetrapeptide was therefore synthesized 
and it was found to have an electrophoretic 
mobility lower than that of the tetrapep- 
tide isolated from prothrombin. The native 
and the synthetic tetrapeptide were both 
subjected to ^ H nuclear magnetic reso- 
nance spectroscopy. The spectrum of the 
native peptide showed no resonances not 
shown by the synthetic peptide but did 
indicate that the native peptide had lost 
approximately four more protons during 
the deuterium exchange process than the 
synthetic peptide. The region of the spec- 
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trum in which this loss of protons occurred 
was that which could be assigned to the 
gamma-carbon of the glutamyl residue of 
the synthetic peptide. Mass spectrometry 
of the N-acetylated and methyl esterified 
tetrapeptides was then performed. These 
results combined with those from the NMR 
study were consistent with the conclusion 
that in the native tetrapeptide an extra car- 
boxyl group was attached to the gamma- 
carbon atom of the glutamyl residues of 
the synthetic peptide. The structure of the 
native peptide was therefore deduced to be 
Leu-Glx-Glx-Val where Glx represents the 
residue of a new amino acid, gamma- 
carboxyglutamic acid (3 amino-1, 1, 3 pro- 
pane tricarboxylic acid). When the native 
peptide is briefly heated at 150° in its acid 
form, decarboxylation occurs and the elec- 
trophoretic mobility of the product 
becomes identical with that of the synthe- 
tic peptide. 

The other investigation in which evi- 
dence is presented for the carboxylation of 
a glutamyl residue by the action of vitamin 
K is by J-M. Girardot et al.^ The impetus 
to this study came from the development 
in B. C. Johnson's laboratory of an in vitro 
procedure for the formation of clotting fac- 
tor X using a cell-free liver preparation. 
Synthesis of factor X in this system is 
absolutely dependent upon the vitamin K 
status of the animal, and bicarbonate was 
found to be a required ingredient of the 
incubation medium. This suggested that vit- 
amin K might be involved in a CO 2 fixation 
reaction. In order to test this hypothesis, 
the possibility that radioactive CO 2 could 
be incorporated into prothrombin in vivo 
was investigated. Two groups of rats were 
employed; one group received warfarin 
approximately 20 hours prior to the experi- 
ment. On the day of the experiment both 
groups were given intraperitoneal irrjections 
of vitamin and of ^'^C-sodium 

bicarbonate. After two hours the experi- 
ment was terminated and prothrombin 
isolated from the rat plasma by BaS 04 
adsorption and further purified by 
D E A E — Sephadex chromatography. 
Radioactivity was found in the pro- 





thrombin from both groups of rats, though 
that from the warfarin treated rats showed 
three to four times as much '' incorpora- 
tion per milligram of protein as the 
control group. 

The labeled prothrombin was digested 
with trypsin, the digest treated with 
Fluram solution and the mixture of pep- 
tides separated by disc gel electrophoresis. 
One peptide, which migrated toward the 
anode ahead of all the others and in 
advance of the bromophenol blue used as a 
marker, contained all the radioactivity. 
Digestion of the labeled prothrombin was 
also carried out with pronase and amino- 
peptidase. Paper chromatography of this 
digestion mixture in a water saturated 
phenol system revealed an amino acid con- 
taining radioactivity which ran ahead of 
both aspartate and glutamate. On the 
amino acid analyzer the labeled amino acid 
appears in the cysteic acid fraction. Acid 
digestion of this radioactive fraction elim- 
inates the radioactivity and an unlabeled 
amino acid appears at the glutamic acid 
position in the amino acid analyzer. The 
authors conclude that "the data presented 
indicate that the vitamin K-dependent step 
in the formation of prothrombin is the 
carboxylation of a glutamyl residue of a 
preformed protein precursor," 

Both of the reports dealt with here are 
preliminary in nature and hence leave some 
questions unanswered. Taken together, 
however, they provide strong evidence for 
the existence of a new amino acid in pro- 
thrombin. This amino acid would appear to 
be gamma-carboxyglutamic acid. Neverthe- 
less, the isolation of this amino acid in 
sufficient amounts to permit further 
characterization will be welcome. From the 
standpoint of providing calcium-binding 
properties to a protein, the incorporation 
of an amino acid such as gamma- 
carboxyglutamic acid makes good sense. 
The work of Stenflo et al. indicates that 
two residues of the new amino acid adjoin 
one another in the tetrapeptide they 
isolated from prothrombin. Two adjoining 
residues of gamma-carboxyglutamic acid 
would provide four carboxyl groups in 


close proximity, a situation reminiscent of 
such commercial calcium chelators as 
Versene. The exact number of the new 
amino acid residues in prothrombin and 
whether they always occur in paired 
sequence remains to be determined. Stenflo 
et al. state that the new amino acid is also 
present in a larger peptide, containing 
approximately 22 amino acid residues, that 
has been isolated from prothrombin. It is 
interesting to note that eight of the 13 
amino acids formed by the acid hydrolysis 
of the peptide isolated from prothrombin 
by G. L. Nelsestuen and J. W. Suttie^ were 
glutamic acid. Since this peptide was 
reported by them to bind about three 
moles of calcium per mole, it will be of 
interest to know how many of the eight 
glutamic acids were produced by decar- 
boxylation of the new amino acid during 
hydrolysis of the peptide. Evidence is cited 
by both Stenflo et al. and Girardot et al. 
that this new amino acid is probably 
present in other calcium-binding proteins 
that are involved as factors in the clotting 
mechanism. Thus, workers interested in 
other areas where protein binding of cal- 
cium or other metals is involved, may well 
give heed to the occurrence of this new 
amino acid. 

The most exciting aspect of these new 
findings is the clue that it affords to the 
mode of action of vitamin K. The involve- 
ment of this vitamin in what appears to be 
a carboxylation reaction raises many 
interesting questions. Does vitamin K par- 
ticipate directly in this reaction or is it 
involved in the production of an enzyme 
which carries out this reaction? Does 
biotin, which is involved in the carboxyla- 
tion of numerous small molecules, play a 
role in the process? Answers to these and 
many other questions will now be sought. 

A giant step forward in our understanding 
of the action of vitamin K has been pro- 
vided by the two groups of workers whose 
studies have been reported here. 

Addendum 

Since completion of this review a report 
has appeared describing the isolation from 



NUTRITION REVIEWS/VOL 33, NO. 1 / JANUARY 1975 27 


a calcium-binding fragment of prothrombin 
of the dipeptide gamma-carboxylglu- 
tamylserine. Identification of the new 
amino acid in this dipeptide was made by 
means of mass spectometry.^ □ 
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ryUTRITlON NOTES 


’r 


Termination of AMA Council on Foods and Nutrition 


The AMA Board of Trustees has terminated 
the Council on Foods and Nutrition after 
46 years of service to the medical profes- 
sion. Born when vitamins were little more 
than medical curiosities, the Council has 
dealt with increasingly complex issues, 
terminating when man has learned how to 
nourish with chemically defined diets. 

The multifarious Council, working to 
promote the nutritional health of the 
nation, to support the development of 
clinical nutrition, to encourage nutrition 
awareness in the food industry, and to 
develop concepts in food safety and regula- 
tion, had achieved world renown as a 
molder of opinion and conscience. Nearly 
every institution has felt the impact of the 
Council. Statements of the Council and its 
review articles were used in many ways — 
from use in elementary educational 
concepts— to the formulation of govern- 
mental policy. Its symposia, conferences 
and congresses served to coalesce knowl- 
edge and stimulate needed research. Con- 
cerns of the Council dealt with matters 
varying from vending machines in schools 
to proposals for new concepts in the regula- 
tion of food quality and safety and pro- 
posals for improving the nutritional value 
of a nation's food supply. 

The Council fostered the logical develop- 
ment of therapeutic nutrition. It provided 
guidelines for the use of vitamin and 
mineral preparations and helped to frame 
regulations that would ensure the proper 
formulation of dietary supplements. The 
Council on Foods and Nutrition worked 
diligently to provide means whereby every 
person could be assured an adequate intake 
of nutrients by its fostering of regulations 


and standards for enriched and fortified 
foods. It provided textual materials for 
education and led the way in encouraging 
the teaching of nutrition in undergraduate 
and postgraduate medical education. The 
Council identified with over 350 colleges 
and universities in a program to improve 
appreciation of the medical sciences and to 
tell of a small aspect of the science of 
nutrition. More than 140 medical students 
were introduced to the methods of scien- 
tific research by a program of research 
fellowships. 

The Council on Foods and Nutrition 
testified before the Congress of the United 
States on such issues as the nutritional 
quality of the U.S. food supply, nutritional 
fraud directed to the elderly, the need for 
support in nutrition education of the pro- 
fession and the public, the quackery in 
weight reduction schemes, the need for 
regulations controlling the proper use of 
vitamin preparations and dietary supple- 
ments, and of the need for national policies 
on food and nutrition. 

The Council worked easily with all seg- 
ments of the food and the pharmaceutical 
industries, with various branches of state 
and federal governments, with the many 
medical and nutrition societies and organi- 
zations, with institutions of higher educa- 
tion, with food trade associations, and with 
individuals. The Council molded opinions 
and brought harmony from diversity. 

With more than 100 publications, in- 
cluding over a dozen books, the Council 
made its mark and became an institution. 
That institution is now dead but its good 
works are recorded for posterity. Some of 
its works now gather dust but others lead 
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the way for the emergence of new and ex- 
citing concepts in human welfare. The 
Council was ubiquitous, it is now an 
archive. 

Those of you who have served the Amer- 
ican Medical Association through its Coun- 
cil on Foods and Nutrition must know the 
sadness that I feel with the knowledge that 
an institution has passed. Please know that 
I am immensely proud to have been asso- 
ciated with each of you as your Council 
Secretary. Our triumphs lifted me; our 
failures depressed me. 

This note closes the official Bulletin of 
the Council and will reside with past Bulle- 
tins in the Archive Library of the American 
Medical Association. 

Philip L. White, Sc.D. 


Meeting Announcements 

The Council on Epidemiology and Preven- 
tion of the International Society of Cardi- 
ology will hold its Eighth Ten Day Inter- 
national Teaching Seminar on Cardiovascu- 
lar Epidemiology in Mexico, September 21 
through October 3, 1975. 

For further information contact: 
Jeremiah Stamler, M.D., Secretary 
Council on Epidemiology and Preven- 
tion, I.S.C. 

c/o Northwestern University Medical 
School 

Ward Building — Room 9-105 
303 East Chicago Avenue 
Chicago, Illinois 6061 1 


A short course, entitled, "Nutrition in 
Mothers, Infants, and Pre-school Children", 
will be held at the Carolina Inn, Chapel 
Hill, March 3-4, 1975. It will be sponsored 
by the Department of Nutrition, University 
of North Carolina at Chapel Hill. For 
further information contact Dr. John J. B' 
Anderson, Department of Nutrition, 
School of Public Health, UNC-Chapel Hill, 
Chapel Hill, N.C. 27514. 


FTC Proposed Trade Regulation 
Rule on Food Advertising 

A proposed trade regulation rule designed 
to cover voluntary nutrition claims made in 
food advertising was announced by the 
Federal Trade Commission on November 7. 
The FTC also published a staff paper 
recommending mandatory disclosures of 
certain nutrition information in all food 
advertisements. 

The following categories of nutrition 
claims are covered: 

Emphatic Nutrition Claims which refer to 
the amounts of various vitamins and 
minerals and protein in a food (e.g., 
"Loaded with Vitamin A"). 

Nutrient Comparison Claims concerning 
specific nutrients in compared foods and 
with respect to the comparative nutri- 
tional values of foods (e.g., "Food X has 
more Vitamin A than Food Y"). 
Nourishment Claims relating to the overall 
nutritional values of foods (e.g., "Food 
X is nutritious"). 

Claims for Foods Intended to be Combined 
with Other Foods (e.g., "Food X, when 
combined with Food Y, gives you 
nourishing Vitamin A"). 

The proposed rule is accompanied by an 
Explanation of Proceeding and Analysis 
and Statement of Issues by Section which 
describes the various provisions of the pro- 
posed rule and sets forth issues pertaining 
to certain of those provisions. The Commis- 
sion desires comments addressed specifi- 
cally to those issues. This document also 
invites comment on issues relating to the 
subjects of Natural and Organic Food 
Claims; Fat, Fatty Acid and Cholesterol 
Content Claims; and Health and Related 
Claims. 

Copies of the proposed rule and accom- 
panying documents are available upon 
request to Legal and Public Records, 
Federal Trade Commission, Washington, 
D. C. 20580. Persons wishing to file written 
comments on the proposed rule should 
address them to the Special Assistant 
Director for Rulemaking at the above 
address by February 5, 1975. 
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Letter to the Editor 


stereochemical Orientation of 1 ,25-(OH) 2 -D ■ 


Sir: I am writing to point out an important 
error in the article communicated by 
M. R. Haussler which appeared in Nutrition 
Reviews 32:257, 1974. He states on page 
259 that “recently, Semmler et al. and Bar- 
ton etal. have chemically synthesized 1a,25- 
dihydroxyvitamin-Dg (1a,25-(OH)2-D3 ) as 
well as la-OH-Dg to prove unequivocally 
that the hydroxyl on carbon number 1 of 
the natural hormone has an a-stereo- 
chemical orientation". This is only circum- 
stantial evidence and not unequivocal 
proof. The natural material, 1,25(OH)2-D3, 
has not been crystallized nor has the con- 
figuration of the hydroxyl group at posi- 
tion 1 been determined. Until this un- 
equivocal proof of structure is obtained, 
one should be cautious in interpretation. 


The data, which Haussler cites, show that 
synthetic analogs of vitamin D metabolites, 
with an a-stereochemieal orientation at 
position 1, have a biopotency similar to the 
natural hormone. Until one shows that the 
biopotency of synthetic 1-|3 isomers is 
different from the l-a isomers, the evi- 
dence is presumptive at best. 

It may well be that the 1-a assignment 
will prove correct, but this can be estab- 
lished only by direct experimentation, not 
conjecture or extrapolation. 

Howard Rasmussen, M.D., Ph.D. 
Benjamin Rush Professor of 
Biochemistry, and 
Professor of Medicine 
University of Pennsylvania 
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The Smalt Intestine in Vitamin B12 

and Folate Deficiency 28 APH ISIS 


by Charles H. Halsted, M.D. 



¥ itamin folate play interrelated 

roles in nucleoprotein synthesis. De- 
ficiency of each vitamin is expressed by the 
same morphologic abnormality of the 
hematopoeitic system, a megaloblastic 
bone marrow. Since the renewal time of 
the small intestinal epithelium is extremely 
rapid (two to five days) one would expect a 
requirement for vitamin and folate for 
mucosal nucleoprotein synthesis in order to 
maintain villus anatomy and the functional 
integrity of the mucosal cell. Thus, it has 
been postulated that "a nutrient de- 
ficiency, be it nutritional or otherwise, may 
have a deleterious effect on intestinal 
absorption in general or on the absorption 
of the nutrient in particular".^ During the 
past decade a number of clinical observa- 
tions have supported the concept that 
vitamin or folate deficiency may inter- 
fere with processes of intestinal absorption. 
V. Herbert has estimated that as many as 
percent of patients with pernicious 
an 
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anemia may be misdiagnosed as having 
primary intestinal disease on the basis of 
the second stage Schilling test.^ The Schill- 
ing test as commonly performed requires 
two stages. In the first stage ^^Co labeled 
vitamin B^g is administered alone and 
urine collected for 48 hours following a 
"flushing dose" of 1 mg parenteral vitamin 
Bj2- Low excretion could be the result of a 
deficiency of an intrinsic factor in the 
stomach, or of intestinal disease including 
conditions leading to bacterial overgrowth, 
pancreatic insufficiency, or disease or resec- 
tion of the terminal ileum. ^ Deficiency of 
intrinsic factor as a cause of vitamin 
malabsorption is conventionally demon- 
strated in the second stage Schilling test by 
a normal urinary excretion of ^^Co follow- 
ing administration of labeled vitamin B^g 
together with an exogenous source of 
intrinsic factor. However, as described 
below, a significant number of patients 
with pernicious anemia have abnormal 
second stage Schilling tests. Precise 
diagnosis of pernicious anemia therefore 
requires demonstration of histamine-fast 
achlorhydria and lack of intrinsic factor in 
the gastric juice in a patient shown to have 
low circulating levels of vitamin By 2 with 
megaloblastic anemia.^ 

R. Carmel and V. Herbert described ten 
patients with pernicious anemia (low circu- 
lating vitamin B^ 2 ' absence of gastric 
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intrinsic factor with achlorhydria).'^ The 
first stage Schilling test was abnormal in all 
ten and in four the urinary excretion of 
^^Co remained low following the second 
stage Schilling test. Intestinal absorption 
was further evaluated in these four 
patients, all of whom had slightly abnormal 
absorption of o-xylose. These abnormali- 
ties returned to normal one to ten months 
later with vitamin 6^,2 therapy, suggesting 
that vitamin deficiency had indeed 

affected intestinal mucosal function. 

J. Lindenbaum et al. recently reported a 
more extensive study of intestinal absorp- 
tion in patients with pernicious anemia.^ In 
this series of 28 patients, all had megalo- 
blastic bone marrows, low circulating levels 
of vitamin B ;^2 with high levels of serum 
folate, and histamine-fast achlorhydria. 
Blocking antibodies to intrinsic factor were 
found in the serum of 17 patients. In- 
testinal absorption was assessed prior to the 
receipt of vitamin B^ 2 » ^nd consisted of 
the D -xylose absorption test, measurement 
of fecal fat excretion, and the standard 
Stage II Schilling test. By reversing the 
order of the stages of the Schilling test, the 
authors were able to measure the absorp- 
tion of the vitamin B^ factor 

complex prior to the administration of 
pharmacologic amounts of parenteral 
vitamin B ;^2 conventionally given as a 
"flushing" procedure with the Stage I test. 
Abnormal intestinal absorption of o-xylose 
was found in 29 percent, of dietary fat in 9 
percent, and of the vitamin Bj^j'ii^trinsic 
factor complex in 75 percent of the 
patients studied. Intestinal malabsorption 
did not correlate with the severity of the 
megaloblastic anemia. In all but four 
patients normal Schilling tests were demon- 
strated following treatment periods with 
vitamin B^g which ranged from 21 to 100 
days. Two of the four refractory patients 
responded following a five day course of 
the intestinal antibiotic tetracycline. This 
study thus lends strong support to the con- 
cept that the small intestinal mucosa 
possesses a metabolic requirement for 
vitamin B^g- Since ileal transport, as 
measured by the Schilling test, was more 


severely affected than jejunal processes, 
measured by the o-xylose absorption test, 
the data suggested that the ileum is more 
significantly affected by vitamin B ^2 
deficiency. 

Alternatively, intraluminal bacterial 
overgrowth in pernicious anemia could 
compete with ileal mucosa for the vitamin 
B;^ g'lf^trinsic factor complex. Bacterial 
overgrowth of the small intestine is fre- 
quent in achlorhydric patients, since gastric 
acid is a natural barrier to the survival of 
ingested organisms. W. Sherwood et al. 
described nine patients with pernicious 
anemia in whom significant numbers of 
bacteria ( 10 ^ to 10 ® organisms per milli- 
liter) could be cultured from the duodenal 
contents.® However, there was no change 
in bacterial counts following vitamin B ;^2 
therapy, and only minimal in vitro bacterial 
binding of vitamin B^ 2 'i'^t''''^sic factor 
could be demonstrated. Thus, the bacterial 
overgrowth was a reflection of achlor- 
hydria but not a cause of vitamin B ^2 
malabsorption. A definitive study of the 
bacterial contents of the ileal lumen in 
pernicious anemia has not yet been per- 
formed. Such a study might have more 
significance since the ileum is the site of 
absorption of vitamin and luminal 

bacteria are more abundant in the distal 
ileum than in the proximal small intestine. 

Severe deficiency of vitamin B^^ P''0' 
duces morphologic changes in a number of 
sites other than in the bone marrow. 
Reversible nuclear enlargement of buccaP 
and gastric® epithelial cells has been de- 
scribed in untreated pernicious anemia. 
With the advent of small intestinal biopsy 
techniques it has been possible to examine 
the effect of vitamin B^^ deficiency on the 
jejunal mucosa. In a careful quantitative 
study of the intestinal mucosa of eight 
patients with untreated pernicious anemia, 
P. Faroozan and J.S. Trier described 
reduced mitoses in the germinal crypts, 
shortened villi, and nuclear enlargement of 
surface epithelial cells as well as increased 
cellularity of the lamina propria.® Follow- 
ing treatment with vitamin B^^- rnitoses 
rapidly increased to a normal number. 
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whereas several months were required be- 
fore normal villus height was observed. The 
^ authors proposed that cells undergoing 
mitosis have the greatest requirement for 
vitamin 6^2 a co-factor of DNA 
synthesis, while shortened villus height is 
an effect secondary to partial arrest of 
epithelial cell germination in the crypts. 
Similar observations were made by A.S. 
Pena et al. who described a spectrum of 
change between patients in remission and 
those with untreated pernicious anemia.^” 
In addition to villus shortening and 
‘ megalocytosis of surface epithelial cells, the 
authors found a general depression of 
disaccharidase activity in the mucosal speci- 
mens of patients with untreated pernicious 
anemia. 

In contrast to the intestinal changes 
found in patients with vitamin B;^2 de- 
ficiency, the effects of folate deficiency on 
the small intestine are less clearly defined. 
Study of folate deficiency is complicated 
by the frequent accompaniment of the 
multisystemic effects of alcoholism. Nutri- 
tional folate deficiency is often transient 
and rapidly reversible by folates available in 
the average hospital diet. Since folate is 
primarily absorbed in the proximal small 
intestine, the jejunal mucosa may have a 
preferential advantage for utilization of 
dietary folate. Several clinical observations 
suggest that the function of the small 
intestine may be partially regulated by 
folates. 

Tropical sprue is a disease of the small 
intestinal mucosa characterized by partial 
villus atrophy and generalized intestinal 
malabsorption with megaloblastic anemia. 
In quantitative studies of the mucosal 
lesion in small intestine biopsies from 
patients with tropical sprue, V.L Swanson 
and R.W. Thomassen described decreased 
mitoses with enlargement of crypt cell 
nuclei,^ ^ similar to the abnormalities de- 
scribed by Faroozan and Trier in pernicious 
anemia.® Subsequently, Swanson et al. 
showed that treatment with either oral 
folic acid or parenteral vitamin was 
followed within days by increased mitotic 
activity and return to normal size of 


epithelial cell nuclei. These observations 
imply that the mucosa in tropical sprue 
may be in fact deficient in folate and/or 
vitamin 8^2- However, when folic acid is 
administered as the sole form of treatment 
in tropical sprue, the hematologic lesion is 
usually corrected while there is only a 
partial improvement of intestinal absorp- 
tion.^® Thus it is likely that the intestinal 
lesion in tropical sprue reflects an altered 
metabolism rather than simple deficiency 
of vitamin 8^2 and folic acid. 

Abnormal absorption of vitamin 8^2 
measured by the Schilling test was reported 
in two patients with nutritional folate 
deficiency, one an alcoholic male and the 
other a pregnant female with megaloblastic 
anemia. Others suggested in isolated case 
reports that nutritional folate deficiency 
may be associated with reversible intestinal 
malabsorption, though in most instances 
the cases were complicated by alcoholism, 
contraceptive use, or previous residence in 
the tropics which suggested delayed tropi- 
cal sprue.^®’^® On the other hand, S.J. 
Winawer et al. found normal intestinal 
absorption (fecal fat excretion and d- 
xylose absorption) and normal histology of 
the small intestinal mucosa which included 
measurements of crypt cell nuclear size in 
six patients with severe nutritional folate 
deficiency and megaloblastic anemia.^ ^ 

When intestinal abnormalities have been 
described folate deficiency has usually been 
accompanied by severe chronic alcoholism. 
A. Bianchi et al. described enlarged crypt 
cell nuclei in an alcoholic patient with 
severe folate deficiency and megaloblastic 
anemia.^® These observations were ex- 
panded by J.A. Hermos et al. who com- 
pared histologic changes in intestinal 
biopsies obtained from three severely folate 
deficient alcoholics with megaloblastic 
anemia with biopsies from alcoholic 
patients with less severe folate de- 
ficiency.^® In the severely deficient 
patients, the biopsies showed villus shorten- 
ing, decreased mitoses in the crypts, and 
enlargement of epithelial ceil nuclei- 
changes essentially similar to those de- 
scribed in pernicious anemia.® Treatment 
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of folate deficiency corrected the intestinal 
abnormalities. In six of the eight patients 
with less severe folate deficiency, the 
intestinal mucosa was essentially normal. 
Megalocy tic changes in the mucosal 
epithelium with decreased mitoses in the 
crypts have also been induced by dietary 
folate deficiency in rats.^° 

C.H. Halsted et al. studied the relation- 
ship of alcoholism, folate deficiency, and 
intestinal malabsorption in a prospective 
manner in four alcoholic volunteers.^ ^ A 
folate deficient diet was administered to 
three patients, two of whom drank alcohol 
during the experiment and one who did 
not. A fourth patient drank alcohol in 
excess for three weeks with the hospital 
diet. Intestinal absorption was measured at 
intervals using the triple lumen jejunal 
perfusion method. In two patients in whom 
the diet was accompanied by excessive 
alcohol ingestion, development of a 
megaloblastic bone marrow was accom- 
panied by decreased jejunal uptake of fluid, 
glucose, and radioactive folic acid as well as 
decreased absorption of o -xylose, while the 
intestinal mucosa remained normal. No 
change in absorption was found in the 
sober patient in whom a megaloblastic 
bone marrow was induced by a folate 
deficient diet or in the other patient who 
drank excessive amounts of alcohol with a 
hospital diet. The findings suggested that 
folate deficiency in combination with alco- 
hol ingestion induces a functional ab- 
normality of the small intestine. Since no 
morphologic changes were observed, the 
findings suggest that functional ab- 
normality precedes structural alteration in 
alcoholic folate deficiency. 

In summary, with vitamin de- 

ficiency or severe folate deficiency, 
megalocytic changes may be found in the 
small intestinal epithelium, in association 
with decreased mitoses in the crypts and 
shortened villi. In the vitamin 
deficiency of pernicious anemia, increased 
intraluminal bacteria are found in the 
upper small intestine as a consequence of 
achlorhydria. It is unlikely that these 
bacteria play a role in the intestinal mal- 


absorption of the 2'''Tl^''''^sic factor 
complex. Nutritional folate deficiency 
appears to have a variable effect on in- 
testinal mucosal structure and function. 
The effect may be modified significantly 
by other host factors such as concomitant 
alcohol ingestion. More studies are required 
to determine the frequency and extent of 
intestinal abnormality in severe nutritional 
folate deficiency. The nutritional conse- 
quences of the effect of and folate 
deficiency on the gut await further defini- 
tion. □ 
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OBESITY, JEJUNO-ILEAL BYPASS AND DEATH 


Jejuna -ileal shunts for obesity can result in 
death years later due to failure of the liver. 


Key Words: liver, cirrhosis, anastomosis, diarrhea, 
malnutrition 

The intestinal bypass operation for treat- 
ment of obesity has passed through several 
stages from the anastomosis of the jejunum 
to the colon (associated with many com- 
plications including liver disease) to modifi- 
cations resulting in the jejuno-ileal 
anastomosis with bypass of certain lengths 
of small intestine. It is now considered by 
some to be a fairly safe operation. Cirrhosis 
and death, however, have been reported 
after jejuno-ileal shunt for obesity.^ 

A recent report concerned a white 
woman, 41 years old, 59 inches tall, who 
had been obese since adolescence. She had 
a history of heavy drinking but had no 
documented hepatic complications from 
alcohol. She weighed 260 pounds when she 
underwent jejuno-ileal bypass. An end to 
side anastomosis of 17 cm of jejunum to 
the terminal 6 cm of ileum was done. The 
operation bypassed 397 cm of small bowel 
which was left in the abdomen as a blind 
loop. Before the operation her lab values 
for albumin, globulin, bilirubin, SCOT, 
LDH, and BSP retention were normal. 
Alkaline phosphatase was mildly elevated. 
The liver appeared normal at surgery; it was 
not biopsied. After discharge, she resumed 
her previous high calorie, high carbohy- 
drate, low protein diet Five months later, 
when she was admitted to the hospital for 
diarrhea, small bowel malabsorption was 
not present; the diarrhea subsided during 
hospitalization. 

Three months later she was admitted 
again with diarrhea, weighing only 120 


pounds. She demonstrated pellagra-like 
skin lesions, smooth magenta tongue, 
brittle nails, palmar erythema, spider nevi, 
hepatomegaly, and edema. Albumin levels 
were 2.3 gm per 100 ml, prothrombin time 
elevated, bilirubin 2.4 mg per 100 ml, 
SGOT 203, LDH 425, and alkaline phos- 
phatase 203 ID (normal level 85 lU). A 
liver biopsy demonstrated severe fatty 
metamorphosis with minimal portal 
scarring but no hepatocellular necrosis or 
regenerative nodule formation was noted. 
Her diarrhea subsided, she gained weight, 
and liver function improved on the hospital 
diet. She was considered for reanastomosis 
of the blind loop but it was not done. 

Four months later she was admitted with 
severe protein malnutrition and hypo- 
vitaminosis. She was weak, demonstrating 
gross muscle wasting, cheilosis, tender feet, 
depigmentation of hair, gross ascites, 
peripheral edema, and hepatomegaly. 
Albumin was only 1.5 g per 100 ml, subse- 
quently decreasing to a level of 0.6 g per 
100 ml. Prothrombin time remained ele- 
vated; it was not corrected by vitamin K. 
Bilirubin was 4 mg per 100 ml, SGOT 101, 
alkaline phosphatase 131 lU, potassium 
concentration had decreased to 2.7 mEq 
per liter, and blood urea nitrogen was at a 
very low level of 2 mg per 100 ml. 
Phosphorus, calcium, and magnesium were 
all decreased in concentration. At the time 
of admission, she would eat only candy. 
Nasogastric tube feedings produced 
diarrhea and volume ranged as high as 4 
liters per day. Intravenous total parenteral 
nutrition produced hepatic coma with 
hyperammonemia on three separate occa- 
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sions, despite slow administration of the 
solution and bowel sterilization. Discon- 
tinuation of amino acids in the infusate 
produced recovery, but she was still con- 
sidered a poor operative risk for the 
anastomosis. A fourth episode of hepatic 
coma associated with gastrointestinal bleed- 
ing occurred despite oral antibiotic therapy 
and low protein intake. She died two 
months after hospital admission and the 
premortem laboratory values were: 
bilirubin, 8.8 mg per 100 ml; alkaline 
phosphatase, 113; LDH, 197; prothrombin 
time elevated; albumin 0.6 per 100 ml 
(despite intravenous albumin given in large 
quantities). Blood cultures one week before 
death were positive for Candida albicans. 

Autopsy findings revealed an emaciated 
woman with marked muscle wasting. She 
was jaundiced with ascites (2500 ml), 
splenomegaly, esophageal varices, and a 
healing gastric ulcer. The liver was enlarged, 
weighing 1450 g. On cut section, the liver 
demonstrated a green surface interspersed 
with light yellow fibrous bands running in 
all directions. There was no evidence of bile 
duct obstruction. There was generalized 
moniliasis, and cerebral atrophy. On micro- 
scopic examination sections of the liver 
revealed cellular necrosis, parenchymal cell 
loss, cholestasis, and bile duct proliferation. 
Lymphocytic infiltration in portal areas 
with moderate fatty change was noted. A 
marked fibrosis of a diffuse nature with 
bands linking portal triads was present, and 
regenerative nodule formation was noted. 

The jejuno-ileal shunt operation, there- 
fore, is associated with pathologic changes 
which can produce death some time after 
the operation.^ Twenty-five months after 
the bypass operation the liver of the sub- 
ject of this report passed through stages of 
fatty metamorphosis to cirrhosis and death. 
Although it was thought that the individual 
was drinking through the first two of the 
25 months, it was felt that alcohol was not 
solely responsible for hepatic changes. She 
definitely was not taking alcohol during her 
last three months while she was hos- 
pitalized, during which time liver failure 
developed rapidly. She had consumed a 


poor diet which had produced malnutrition 
and diarrhea during the period after the 
operation. 

There are now seven deaths reported 
from liver disease in 63 patients with 
jejuno-coiic anastomosis. Benign steatosis 
has been shown in a number of reports 
after jejuno-ileal shunts for obesity but this 
present case marks only the second case in 
which definite cirrhosis occurred after the 
operation, which was linked with death. 

It appears that the changes in liver which 
have been reported are a function, in some 
regard, of the length and type of small 
bowel bypass and anastomotic site. The 
200 cm ileal bypass for the treatment of 
hypercholesterolemia is not associated with 
a significant loss of weight or known com- 
plications. 

Several possibilities for the hepatic 
injury after jejuno-ileal bypass are hepatic 
toxicity of absorbed secondary bile salts 
such as lithocholic acid, the absence of 
lipotrophic factor which is absorbed due to 
the malnutrition associated with the opera- 
tion, protein malnutrition, and the blind 
loop syndrome. 

Thus there is no doubt that severe liver 
damage can result from the jejuno-ileal 
bypass for obesity. Although liver problems 
in this case were compounded by poor 
choices of food by the subject, the ques- 
tion arises as to how many deaths of this 
type have occurred. Many of the people 
who have had jejuno-ileal bypass operations 
have had them taken down and thus, the 
natural history of liver changes with this 
disorder cannot be accurately documented. 

It may be that most obese people have mild 
to moderate hepatic steatosis prior to 
operation and that these changes are ac- 
centuated and can eventually result in 
cirrhosis as a result of the surgical pro- 
cedure. In some people with jejuno-coiic 
shunts, fat accumulation in the liver was 
associated with inflammation, leading to 
cirrhosis and liver failure and occasionally 
death. ^ These changes may be reversed if 
anastomosis is taken down and normal 
intestinal continuity restored. 
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The case reports and the documented 
problems associated with liver failure indi- 
cate that if there is a place for the jejuno- 
ileal shunt in the treatment of obesity, it 
should be reserved for massive obesity 
which cannot be resolved in any other way. 
Perhaps these individuals should be fol- 
lowed repeatedly with liver biopsies and 
the shunt taken down when evidence of 
histological changes suggestive of impend- 
ing cirrhosis occur. 

More data are needed on the natural 
history of people who survive the opera- 
tion. For instance, do they begin to gain 
weight once again if they do not develop 
liver failure? If the liver is protected by the 
length of shunt involved operatively, then 
it may well be that these people will 
eventually begin to gain weight again if the 
segment of bypassed gut is decreased. 
Unfortunately, this type of surgical pro- 
cedure can be performed by any qualified 
surgeon and most likely, the procedure is 
being done more frequently than reported. 
The possibility of severe changes produced 
in the liver after a fairly long period of time 
leading to death, makes this a procedure 
which must be regulated in some fashion 
by physicians caring for patients with 
obesity. A cure for obesity has been esti- 
mated to advance life span five years. We 
do not know the five year or lifetime sur- 


vival rates of people with this operation. 
Many of the individuals who are operated 
on for the jejuno-ileal shunt must also con- 
sider a lifetime of living with chronic 
diarrhea — it may not be worth it. 

This case history also reveals the im- 
provement of hepatic coma obtained with a 
low protein diet. One question arises, not 
related to this particular case, but to the 
general problem of treatment of cirrhosis: 
Would low protein diets as are currently 
prescribed for patients with chronic renal 
disease be helpful? Compensated cirrhotics 
usually are discharged from hospitals with 
no diet prescription at all and with a pro- 
jected life span of one to ten years. Since 
gastroenterologists have not added nutri- 
tion to their sub-specialty, the treatment of 
cirrhotics with controlled protein diets 
should be seriously considered by them. □ 
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MASSIVE OBESITY AND NEPHROSIS 

Massive obesity can produce the nephrotic syndrome 
which disappears after the loss of body weight 


Key Words: proteinuria, nephrotic syndrome, 
weight loss, lung volume, edema 
Obesity is associated, perhaps causally, 
with many disorders; hypertension, joint 
disease, diabetes mellitus, right heart 
failure, and hyperlipidemia, for example. It 
decreases respiratory function and increases 
surgical risk. A recent report^ appears to 
demonstrate that massive obesity can 
produce the nephrotic syndrome. 


Four cases were studied. The first was a 
25-year-old woman who had a negative 
history for chronic renal disease. There was 
no familial history of obesity or renal 
disease and she became obese after con- 
tracting poliomyelitis. The only complica- 
tion of massive obesity on initial examina- 
tion was bilateral pitting edema of her feet 
and legs. Several random urine samples 
showed a 4-i- proteinuria. 
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The second case was a 49-year-old man, 
eating approximately 6000 calories daily. 
Family history was negative for heart or 
kfdhey disease. He weighed 179 kg and was 
plethoric. His blood pressure was 180/110 
mm Hg and 2 + pitting edema of his legs 
was present. Proteinuria was present. 

The third subject, obese since childhood, 
also showed edema of the legs. The patient 
fell asleep during the examination. Arterial 
hypoxemia and hypercapnea were exacer- 
bated by sleep which was accompanied by 
periodic breathing and apnea. 

The fourth patient was a 49-year-old 
woman with hypertension and 2+ pitting 
edema with proteinuria. 

The studies in the research center were 
formulated to define the relationship 
between diet, weight loss, and proteinuria. 
A formula diet was fed which provided 500 
kcal containing 23 g of fat, 54 g of carbo- 
hydrate, 19 g of protein, and 20 mEq of 
sodium. No medication was permitted ex- 
cept for an occasional sedative. 

Before the weight loss there was heavy 
proteinuria in all subjects ranging from 3 to 
19 g per 24 hours. Most of the protein was 
albumin (73 to 96 percent). The serum 
albumin concentrations were low, ranging 
from 1.7 to 3.1 g per 100 ml. The serum 
cholesterol concentrations were elevated. 
All patients had pitting edema and there 
was no significant alteration in proteinuria 
related to posture or exertion in three of 
the subjects. The creatinine clearances were 
normal. The glomerular filtration rate and 
effective renal plasma flow were also 
normal despite the heavy proteinuria. A 
battery of tests ruled out such possible 
causes of nephrosis as lupus erythematosus, 
diabetes mellitus, and immune reactions. 

A high correlation was demonstrated 
between the measured body weight and the 
quantitative proteinuria. As the body 
weight decreased, the proteinuria decreased 
and the correlation coefficients for the four 
patients varied between 0.81 and 0.95. 

There was no effect of dietary depletion 
of protein on urinary excretion of protein, 
nor was there any relationship between re- 
stricted sodium and the decrease in 


proteinuria. No change in the proteinuria 
occurred when the dietary protein was 
increased (total kcal remaining at 500) or 
when the sodium was increased in the diet. 

Tests of the cardiac function revealed no 
signs of congestive failure. The blood pres- 
sures were normal in the hospital but mild 
dyspnea on exertion was present. No 
orthopnea or nocturnal dyspnea was found. 
The cardiac output, however, was high, 
ranging between 7 and 20 liters per minute. 
Oxygen consumption was elevated, al- 
though most likely appropriate for their 
body weight A normal arteriovenous 
oxygen difference was present but the right 
atrial pressure was elevated, ranging from 
10 to 20 mm Hg. In two subjects right 
atrial and/or superior vena cava pressure 
returned to normal with a weight loss, and 
associated with this was a decrease in 
proteinuria to less than 1 g per 24 hours. 

The lung volumes were decreased in 
three subjects, consistent with the values 
reported for other people with massive 
obesity. Two of the three patients exten- 
sively studied showed an elevated arterial 
carbon dioxide pressure along with de- 
creased partial pressure of oxygen levels. 
After the weight loss, the lung volumes in- 
creased and the arterial blood gas levels 
improved markedly. 

The hematocrit, hemoglobin, erythro- 
cyte mass, and plasma volume were ele- 
vated during massive obesity. After the 
weight loss, the hematocrit, hemoglobin, 
and blood volume decreased. 

Glomerular abnormalities and focal 
tubular atrophy were noted in the renal 
biopsy specimens. Some of the tubules 
contained hyaline droplets. Immuno- 
fluorescent staining was positive in the 
mesangium. Electron microscopy also 
demonstrated pathologic changes in the 
renal architecture. 

Plasma glucose levels were only mildly 
elevated. Diabetic glomerular sclerosis 
appeared unlikely because of the mild 
hyperglycemia, and the anatomic structure 
showed no evidence of these changes. Since 
remission of nephrosis was positively re- 
lated to weight loss, proteinuria with 
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glomerular and tubular lesions in massive 
obesity represents a renal response to a 
circulatory disorder which, most likely, is 
reversible. Repeat biopsies, however, were 
not done to substantiate this impression. 

The study points out well the seriousness 
of massive obesity with increased right 
heart blood pressure, decreased lung 
volume, increased circulating blood 
volume, abnormal blood gases, edema, and 
renal pathology. Despite the seriousness of 
this condition, however, three of the four 
patients regained body weight when dis- 
missed from the hospital and the nephrotic 
syndrome appeared again. 

One of the most difficult syndromes to 
treat in human medicine is obesity, despite 


the fact that the cause and treatment are 
supposedly known. Results are generally 
discouraging. In these four cases, in which 
both obesity and kidney disease weve 
present, the response to dietary therapy 
was poor. This response tends to confirm 
the clinical impressions that in the rare 
cases of obesity and kidney disease, dietary 
treatment meets with much less success 
than when treatment is only for renal 
disease. □ 
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LACTATION AND COMPOSITION OF MILK IN 
UNDERNOURISHED WOMEN 

The chemical composition of breast milk of 
undernourished mothers is not significantly altered 
and human milk is the sole food for infants in many 
traditional societies. Rapid urbanization carries with 
it the risk of inadequate breast feeding and development 
of infantile marasmus in these communities. 


Key Words: breast milk, breast feeding, under- 
nutrition 

Despite the socio-cultural pressures of a 
rapidly spreading industrial society, a vast 
majority of infants in different parts of the 
world are reared during the first year of 
their life, either solely or mainly, on 
mother's milk.^ This usually happens in 
economically backward areas where mal- 
nutrition is rampant. The growth pattern of 
these infants during the first six months of 
life is fairly good,^ indicating a satisfactory 
yield of breast milk. This is surprising, con- 
sidering that the mothers themselves subsist 
on inadequate diets and suffer from various 
nutritional deficiencies. It has hence been 
suggested that the milk-synthesizing 
machinery adapts well to ill-balanced 
diets.^’'^ 


The study of the composition of milk in 
undernourished mothers has therefore been 
a topic of considerable interest to nutri- 
tionists. The latest in these series is the 
report by B. S. Lindblad and R. Rahim- 
toola.^ Ten young Pakistani mothers 
belonging to the lower socio-economic 
group and lactating for 1.5 to 6 months 
were studied. They were mothers of infants 
admitted to the hospital for diarrhea or 
respiratory infections. Milk was collected 
by pumping the breasts and analyzed for 
protein, fat, and lactose. 

The concentration of protein and lactose 
were found to be normal in these milk 
samples. This observation is in line with 
earlier reports from South India® and 
Papua, New Guinea.^ The concentration of 
fat and vitamin A were also found to be 
normal. A low concentration of these 
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nutrients was reported from South India®’® 
whereas a normal fat content was observed 
^ in milk from Egyptian mothers.^ P. S. 

^ ""H-^^^enkatachalam^ had suggested that the fat 
content of breast milk might be related to 
the fat intake of the mother. Recent 
studies indicate that the total calorie intake 
is probably the most limiting factor in the 
diets of economically backward regions.^® 
The extent to which calorie intakes in- 
fluence the composition of milk remains a 
relatively unexplored field, partly because 
of the preoccupation of nutritionists with 
protein supplementation.®’® 

Earlier data indicating alterations in pro- 
tein quality have also been pub- 
lished.®’^ The present authors report 
decreased levels of lysine and methionine, 
an observation contrary to those made 
previously. 

An important observation to which 
Lindblad and Rahimtoola made only a 
fleeting reference is the total milk output 
Although no figures have been presented, 
they state that the milk volume was low. 
As has been indicated, however, suprisingly 
good yields of breast milk have been re- 
ported in undernourished mothers.® 

The importance of breast feeding 
particularly in economically backward 
communities cannot be overemphasized. 
B. S. Platt^® was one of the first to point 
to its significance in the reduction of 
protein-calorie malnutrition. □ 
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SUCROSE, STARCH AND HYPERL1PIDE[\/1IA 


In two- to three-week studies with young men an excessive 
consumption of energy was associated with hyperlipidemia 
when sucrose replaced the starch in the diet 


Key Words; sucrose, starch, blood lipids, energy 
intake, cholesterol, triglycerides 

Large loads of dietary carbohydrate have 
been shown by several workers^ to have 
effects on the blood lipid pattern. Many of 
these studies involved the comparison of 
the effects following starch or sucrose 
ingestion. These studies show that sucrose 
loads induced a rise in the plasma lipids. 
Other studies on plasma lipids compared 
the effects of complex (i.e. polysac- 
charides) carbohydrates in the diet with 
diets containing simple sugars either as 
mono- or disaccharides.^ Some studies sug- 
gested that part of the difference between a 
polysaccharide such as starch and simple 
sugars may be due to differences in the rate 
I of digestion and absorption although a 
yj Strong lipogenic effect of the fructose 
^,[ moiety of sucrose was also present.^ 

'' The results obtained in other studies 
have not been so clear cut and the position 
has been clouded by the development of 
controversy regarding the significance of 
these findings in the etiology of coronary 
heart disease. Some work suggested that 
the hyperlipidemia observed when exces- 
sive sucrose is consumed is due to an 
increased energy intake and not to the 
source per se."^ In a recent paper D. J. 
Naismith and co-workers® describe the 
results of three experiments in which the 
interrelations of energy intake and sucrose 
versus starch effects have been studied. 

The subjects were healthy male students 
who were subjected to close dietary super- 
vision during the course of the study. In 
the- first study 23 subjects consumed their 
self-selected diet for seven days; a propor- 


tion of the starch in their customary diet 
was then replaced with an equicaloric 
amount of sucrose. This was done so that 
other changes in the diet were kept to a 
minimum. The exchange involved approxi- 
mately 200 g of starch. The subjects con- 
sumed these modified diets for a further 14 
days after which they returned to their 
usual diet for another 14 days. Blood was 
taken at the beginning and end of the first 
seven days, and at the ends of the two 
other dietary treatments and analyzed for 
total cholesterol, triglycerides, and 
phospholipids. A second identical study 
with ten subjects was then carried out in 
which the blood cholesterol was frac- 
tionated into free and esterified com- 
ponents. 

In the third experiment involving 12 
subjects, the energy intake of each subject 
was increased by 1800 kcal per day for 21 
days using the usual components of their 
diet. Six of the subjects had their sucrose 
intake reduced during this overfeeding and 
the remainder had it raised by dietary 
manipulations. 

In the first experiment the energy in- 
takes on the high sucrose diet were, on the 
average, virtually the same as on the self- 
selected diet. The sucrose intake was 
trebled, increasing from 100 to 300 g per 
day, and the proportion of the dietary 
energy from carbohydrate increased 
slightly at the expense of the energy from 
fat. The blood lipids showed significant 
rises in total cholesterol, triglycerides, and 
phospholipids on the high-sucrose diet and 
the concentrations returned to the prelimi- 
nary levels on return to the subjects' usual 
diets. 
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The results from the second study were 
very similar. Fractionation of cholesterol 
, showed that the rise occurred almost ex- 

-clusively in the esterified fraction. 

I In the third experiment the six subjects 

on the low-sucrose diet increased their 
I energy intake by some 1700 kcal per day, 

their starch intake increased from 123 to 
^ 221 per day , and the sucrose intake fell 

from 73 to 41 g. The proportion of energy 
; from carbohydrate on the diet fell and was 

i accompanied by an increased fat intake. In 

, the other six subjects energy intake was 

f increased by a similar amount, starch in- 

take was reduced from 172 to 45 g, and 
sucrose increased from 110 to 329 g. The 
changes in the proportions of energy from 
i carbohydrates and fat were similar to those 

1 in the low-sucrose group. 

The triglyceride levels rose significantly 
during the over-eating on the high-sucrose 
diet and returned to normal levels when the 
subjects returned to their normal diet. The 
changes on the low-sucrose diet were not 
I significant although a small rise did occur. 

! The changes in the plasma cholesterol 

, values were similar, being about 50 percent 

i. above the normal levels during over-eating 

the high-sucrose diet and again returning to 
normal on the normal diet No changes of 
significance occurred on the low-sucrose 
diet. 

^ The results obtained in this study 

' demonstrate a hyperlipidemic effect asso- 

ciated with the replacement of starch in the 
diet with sucrose. These changes occurred 
in the three major lipid fractions in the 
blood and fractionation of the total choles- 
terol showed that the rise was confined to 
the esterified fraction. 

Increasing the energy intake by 60 per- 
cent above normal had little or no effect on 
the plasma triglycerides or cholesterol 
unless it was associated with an increased 
r* sucrose intake. The group receiving the low 
sucrose diet had an increased fat intake of 
some 120 g per day, yet this did not 
produce any hyperlipidemic effect. 

This paper shows that increased con- 
sumption of sucrose compared with starch 
has a significant effect on the plasma lipids 


and that this effect is not related to the 
level of energy intake. 

The practical significance of these kinds 
of studies remains obscure. Although 
sucrose and starch are normal constituents 
of practically all diets, the consumption of 
as much as 300 g of sucrose must be rela- 
tively rare. The question remains whether 
variations in the amount of sucrose con- 
sumed by most individuals has any signifi- 
cant effect upon blood lipid levels. The 
permanence of carbohydrate induced 
changes in blood lipid levels is also a matter 
of debate.® A better understanding of 
metabolic pathways responsible for the 
effects of different carbohydrates upon 
serum lipids would be helpful in resolving 
the questions repeatedly raised in this 
area. □ 
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PROBLEMS IN IRON ENRICHMENT AND 
FORTIFICATION OF FOODS 

The enrichment and fortification of foods with 
iron faces a number of biologicai and technoiogicai 
probiems. The bioavaiiabiiity of iron compounds 
is not easiiy predictable in the food product 
and the most available forms of iron cause the greatest 
difficulty in quality and storage of the target food. 


Keywords: iron sources, bioavailability, fortifica- 
tion 

I There is general agreement on the need for 
increasing the level of iron enrichment of 
! flour, cereal products, breads, buns, and 
rolls. An additional approach to the 
problem of iron deficiency anemia might 
include fortification of an even wider 
I variety of foods, including non-cereal 
products. Further support for additional 
vehicles for iron enrichment comes in the 
recent increase of the RDA for iron for 
pregnant women. ^ 

I Among considerations of the Food and 
'i Nutrition Board and the Council on Foods 
; and Nutrition which led to support of an 
I iron enrichment program was "the tech- 
nologic feasibility of improving the dietary 
by enrichment".^ In actual fact this feasi- 
bility is not as straightforward as it seems. 
Recent publications on the bioavailability 
of iron sources indicate that availability is 
not to be taken for granted and that the 
interactions with components of food dur- 
ing processing is complex, and presently 
unpredictable."^’^ In addition, there is 
reason to believe that the most available 
forms of iron are the most problematic 
from the point of view of compatibility 
with the organoleptic qualities and the 
stability of other nutrients in the 
product.®’^ 

The iron compounds approved for use as 
food additive sources of dietary iron are: 
ferric orthophosphate, ferric pyrophos- 
phate, ferric sodium pyrophosphate, 
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ferrous gluconate, ferrous lactate, ferrous 
sulfate, ferrous fumarate, and reduced iron. 
Unfortunately, approval of this type does 
not necessarily guarantee that the added 
compound will be efficacious. In fact a 
great deal of recent evidence would tend to 
indicate that the various ferric phosphates 
are poorly or not at all available."^’® The 
more commonly used ferrous salts and re- 
duced iron fare slightly better as additives, 
but in general the availability was less than 
that of the natural iron in the products.'* 
The authors conclude "that the availability 
of the iron in the fortified product 
depended either upon the nature of the 
product or perhaps on manufacturing pro- 
cedures" and that "the data clearly demon- 
strate the necessity of assessing iron availa- 
bility in final products and that the utility 
of iron added cannot be determined by 
prior test of the material which is added". 
In this latter study, products tested in- 
cluded cocoa powder, infant formula, 
bread, and breakfast cereals. 

Some of the technical problems of iron 
fortification are due to the many chemical 
reactions which are iron catalyzed or in 
which iron is consumed as a reactant. 
Among these reactions are those which 
involve a variety of sulfur compounds, lead- 
ing to black insoluble deposits or a gray 
appearance of the product. This type of 
reaction might in fact contribute to the loss 
of availability found in processing. Iron is 
also known to accelerate the oxidation of 
ascorbic acid and to catalyze the autoxida- 







tion of unsaturated lipids.® In the latter 
case this will also lead to off-flavors and the 
loss of beta-carotene and tocopherols. 

Some of these problems are exemplified 
in a recent attempt to fortify dehydrated 
mashed potatoes.® This product was 
chosen because of its importance as a 
source of calories and its inclusion in U.S. 
Department of Agriculture assistance pro- 
grams. A number of iron sources were 
included in the study, ranging from ferrous 
and ferric salts to polyphosphate gels and a 
ferripolyphosphate-whey protein complex. 
Color problems were significant even at low 
levels of enrichment (2 to 5 mg Fe per 100 
g). The addition of iron compounds to 
both fresh and reconstituted dehydrated 
mashed potatoes usually resulted in the 
rapid development of a dark gray-green 
discoloration. The intensity of color forma- 
tion varied greatly for the same compound 
in different potato products and appeared 
unrelated to the process or to geographic 
origin. Similar difficulties were found with 
the flavor of the fortified product, and gas 
chromatographic data indicated that the 
fortified product contained higher levels of 
major volatile oxidation products than the 
unfortified control. Unfortunately, 
ascorbic acid stability was not examined 
nor were any "reduced iron" preparations 
investigated. The authors did suggest en- 
capsulated iron as a potential feasible 
approach, and this would be justified on 
the basis of some of the results of the bio- 
availability study.'^ 

Other technical problems have been en- 
countered in cereal products,^ in addition 
to undesirable effects on color and flavor. 
For example the high density of reduced 
iron makes it difficult to obtain stable 
blends with flour, especially for modern 
plants which use pneumatic conveyers. The 
density also makes reduced iron unsuitable 
for the continuous bread process. The cost 


of some sources of iron is also an important 
factor and should ultimately be considered 
on a "per pound of available iron" basis. 

It seems obvious that more research is 
required on this subject, in particular 
coordinated efforts considering process 
requirements, chemical reactions in foods, 
and bioavailability in the product. There 
appear to be possibilities in encapsulated 
forms of iron and perhaps we need to know 
more about the "natural" forms of iron, 
which as previously mentioned, may be 
more available and probably more stable 
than many of the additives. □ 
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With the discovery in 1913 that certain fats contain a substance 
or substances which are essential for growth, this class of foodstuffs 
assumed an importance in nutrition which had not been hitherto 
accorded it. At first the evidence of the existence of the sub- 
stance which subsequently became known as fat-soluble A, or 
vitamin A, rested upon the failure of experimental animals to 
grow when the fats carrying this substance were lacking in the 
food, and the resumption of growth when such fats were adminis- 
tered. Later xerophthalmia of a certain type was recognized as 
a pathological condition which invariably results from specific 
starvation for fat-soluble A. We have recently, however, con- 
vinced ourselves that a similar ophthalmia may be the result of 
disturbance of the balance of inorganic elements in the diet. Up 
to the present time no definite evidence has been brought forward 
to show whether one or more than one substance is contained in 
those fats which contain fat-soluble A which gives them their 
unique biological value (1). The great activity in several labora- 
tories in the study of the cause or caiises of rickets and related 
conditions has, during the last 3 years, brought to light the fact 
that there is a r61e played by fats in the etiology of this disease. 
This observation causes us to appreciate further the importance 
of the fat moiety of the food supply, and emphasizes the necessity 



T 

of providing in the diet a regular and abundant supply of such 
fats as promote the normal development of the skeletal tissues. 

Mellanby (2) was the first to associate the group of fats which, 
because of their content of fat-soluble A were frequently distin- 
guished as “growth-promoting” fats with the prevention of rickets. 
His work focused attention upon the problem as to whether fat- 
I soluble A is itseK a substance essential for the normal growth of 

I bone. 

I Mellanby (3) was so impressed with the power of butter fat 

to protect puppies against the abnormalities of bone growth 
that he stated: 

“These facts of agreement from the point of view of physiological 
reaction seem to me strong evidence that the substance in fats stimulating 
I the calcification of bone is the same as Fat-soluble A, i.e. the factor which 

I stimulates growth in rats . ” 


Our own experience had convinced us that existing methods 
were incapable of differentiating beyond doubt between fat-soluble 
A and a special ealciinn-depositing substance should such exist. 
We therefore formulated a plan which involved a comparison of a 
selected list of fats in respect to three kinds of effects in nutrition. 
First, we tested cod liver oil, shark liver oil, butter fat, and several 
vegetable oils for potency in causing the cure of xerophthalmia 
due to lack of fat-soluble A. Secondly, we made comparative 
tests of the same fats to determine their value in promoting growth 
in young rats which were restricted to a diet so low in calcium 
that satisfactory growth was not possible without the provision 
of some substance which would make for a greater efficiency in 
the utilization of calcium than that which could be effected in its 
absence. Thirdly, we further studied these same fats by means 
of our “line test” to discover their relative values for inducing 
the deposition of the line of calcium salts in rachitic bones. With 
the data which we have secured from these three distinct types of 
tests, we are now in a position to interpret accurately the results 
of much of the experimental data in the literature which is other- 
wise confusing. 


DISCUSSION OF EESULTS. 


We have shown experimentally that cod liver oil oxidized for 12 
to 20 hours does not cure xerophthalmia in rats. It does, however, 
cause the deposition of calcium in the bones of young rats which 
are suffering from rickets. This shows that oxidation destroys 
fat-soluble A without destroying another substance which plays 
an important rble in bone growth. 


Cod hver oil, shark liver oil, and burbot liver oil, are highly 
effective for curing xerophthalmia, for protecting the body against 
the effects of a deficiency of calcium, and for the deposition of 
lime salts in rachitic bones. 

Certain vegetable fats, among which are cottonseed oil, maize 
oil, sesame oil, and olive oil, do not possess the property of curing 
xerophthalmia, nor do they raise the efficiency of the tissues in 
utilizing calcium when there is an inadequate provision, nor of 
initiating healing in rickets. 

Butter fat contains the calcium-depositing factor but in much 
smaller amounts than the fish oils we have examined. It is a 
much better source of fat-soluble A than of the substance which 
regulates calcium metabolism. 


The evidence set forth in this paper demonstrates that the 
power of certain fats to initiate the healing of rickets depends on 
the presence in them of a substance which is distinct from fat- 
soluble A. These experiments clearly demonstrate the existence 
of a fourth vitamin whose specific property, as far as we can tell 
at present, is to regulate the metabolism of the bones. 


COPPER TOXICITY, RATS AND WILSON’S DISEASE 



The ability to store ionic copper in tissues such as the liver and 
the brain may be one of the main causes of copper accumulation in these 
organs of patients with Wilson's disease. In rats drinking water high 
in copper, the organs which can take up ionic copper store it and they 
are not protected from copper toxicity. On the other hand, those organs 
which require copper bound in ceruloplasmin for storage, do not show 
excess copper and thus, are protected from copper toxicity. 


Key Words: copper concentration, ceruloplasmin, 
liver, iron 

The etiology of copper deposition in tissues 
of patients with Wilson's disease has not 
been clearly established. It may be due to 
excessive absorption of copper from the 
intestine, an inability to excrete copper, or 
inability to convert copper to cerulo- 
plasmin. Hypotheses remain hypotheses 
although each has some data to support it 
A search for an experimental animal which 
mimics Wilson's disease has led, as usual, to 
the rat. There is dispute, however, whether 
copper loading in rats is similar to Wilson's 
disease because consumption of great 
quantities of copper is not a feature of 
Wilson's disease. In Wilson's disease, copper 
levels are ten times normal or more in the 
liver, kidney, brain, and cornea despite 
normal dietary levels in food. However, 
only slight increases are found in spleen, 
lung, erythrocytes and skin, and normal or 
decreased concentrations are often found 
in other organs.^ 

In long term studies of copper loading in 
rats extending for two and a half years, a 
general parallel was found between arti- 
ficial copper toxicity in the rat and the 
tissue copper levels demonstrated in 


patients with Wilson's disease. After two 
years, the rats' liver contained copper at 
levels 65 times normal, kidney and small 
bowel five times normal, large bowel three 
times normal, and brain two times normal. 
Copper content in lung, heart, bone 
marrow, testes, and erythrocytes remained 
almost normal. Other organs demonstrated 
only small increases in copper. The increase 
in copper in the small intestine occurred 
immediately after copper was placed in the 
drinking water and persisted for the next 
two years. The high concentration of 
copper in the small intestine of rats com- 
pared with normal or decreased levels in 
human beings with Wilson's disease, was 
most likely due to the increased copper 
content of drinking water given to the rats. 
The human gut is not exposed to high 
levels of dietary copper. Another difference 
noted was that copper concentration in 
hepatic bile of rats was extremely high 
compared with no increase in the bile of 
subjects with Wilson's disease. Rats were 
also different in that the copper concentra- 
tion was increased in the skin and nails and 
found to be very high in the hair while in 
Wilson's disease these areas are usually 
normal with hair copper content decreased. 
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It was concluded that despite a normal 
intake of copper by patients with Wilson's 
disease, that the mishandling of copper by 
them was similar to that noted when 
normal rats were fed copper in excess. The 
data, however, did not clearly indicate 
which hypothesis was correct concerning 
the abnormality of copper metabolism in 
Wilson's disease. 

In rats, when tracer copper in ionic form 
was injected intravenously, specific activity 
in organs was less than expected. (The ex- 
pected activity was derived from data using 
normal rats not drinking excess copper in 
their water rations.) This was true even for 
organs that had increased copper content in 
the toxic rats. The highest specific activi- 
ties, although still below those expected, 
were found in bone marrow, heart, kidney, 
erythrocytes, and muscle. The response was 
between one-half and one-third of normal. 
Lung, spleen, and testes were approxi- 
mately one-fifth normal while brain, skin, 
liver, and small bowel were one-tenth of 
normal. Large intestine and bone were 
lower than one-tenth of normal. 

When ceruloplasmin labeled with ®^Cu 
was injected, completely different specific 
activities were noted. Values were normal 
(again, normal judged from ceruloplasmin 
studies in normal rats) in the brain, heart, 
bone marrow, spleen, and testes and about 
half of normal in the kidney, lung, and 
muscle. Liver and other organs showed low 
specific activities of ceruloplasmin. The 
radioactive copper remained almost 
entirely within the ceruloplasmin molecule 
during the 48-hour test period. When the 
specific activities of ceruloplasmin were 
compared with ionic copper in the copper- 
laden rats, only the liver showed less 
specific activity after ceruloplasmin ®^Cu 
than after ionic ®^Cu. The specific activity 
of ceruloplasmin was greater than ionic 
copper in the lung, testes, skin, bone, 
muscle, heart, bone marrow, brain, and 
spleen. It was equal to ionic copper in 
erythrocytes and in kidney, small, and large 
intestine. 

Because of the well-known influence of 
copper deficiency on mobilization of iron 
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stores, the iron concentrations were studied 
in the organs of five copper-laden rats. 
Tissue iron levels were significantly in- 
creased in the kidney, lung, muscle, spleen, 
and testes and were modestly increased in 
all other organs except the large and small 
intestine. There was no obvious parallel 
between changes in concentration of iron 
and copper. 

Because injection of ionic copper failed 
to induce a normal specific activity, a de- 
fensive mechanism by which massive 
copper deposition is prevented may have 
been operative. If an organ of a rat ac- 
cepted ionic copper, then it was that organ 
which accumulated a significant amount of 
copper during copper loading. If, however, 
the organ ordinarily took up ceruloplasmin 
preferentially, then little stable copper was 
accumulated. 

The preferred form of copper in the 
brain appeared to be ionic while the liver 
failed to differentiate between forms of 
metal, ionic, or as ceruloplasmin. This 
failure to differentiate the form of copper 
or the preference for ionic copper 
appeared, therefore, to explain the organ 
accumulation of copper. 

Copper toxicity induced in rats resulted 
in increased copper in those organs known 
to handle ionic copper directly; the 
liver, kidney, small intestine, and brain (to 
a lesser degree). The liver removes copper 
from blood to synthesize ceruloplasmin 
and also excretes copper into bile and 
stores excess. The kidney excretes copper 
into urine and absorption of copper occurs 
primarily in the upper small intestine. 

The defense mechanism of some organs 
(identified as the requirement of cerulo- 
plasmin formation before copper storage 
resulted) was imperfect because these 
organs did accumulate copper slowly. 
Organs such as lung, testes, and erythro- 
cytes, on the other hand, which require 
ceruloplasmin for storage of copper, when 
normal levels of copper are fed, store little 
if any stable copper when fed toxic levels. 

Treatment of Wilson's disease consists of 
both D -penicillamine and low copper diet 
therapy. Speech will deteriorate to a per- 


ceptibly significant degree if a low copper 
diet is not followed, even though penicilla- 
mine is taken by these patients.^ This cor- 
relation between a specific defect in speech 
and normal copper of the diet needs 
further study to determine if the copper is 
taken up in ionic form in speech areas of 
the brain. □ 
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EFFECT OF (-)-HYDROXYCITRATE ON LIPOGENESIS, 
APPETITE AND BODY WEIGHT IN RATS 


Administration of (-)-Hydroxycitrate (HC), 

(a competitive inhibitor of the enzyme A TP-citrate 
iyase) to rats causes marked reduction in in vivo 
iipogenesis, food intake, body weight gain, and totai 
body iipid. Chronic administra tion of HC 
eievates in vitro rates of iipogenesis. 


Key Words; lipid, Iipogenesis, hepatic, cholesterol, 
enzyme 

(-)-Hydroxycitrate (HC) the principal acid 
of the fruit rinds of Garcinia cambogia has 
been shown to be a competitive inhibitor 
of ATP-citrate lyase (EC 4.1. 3.8), the 
enzyme catalyzing the extramitochondrial 
cleavage of citrate to oxaloacetate and 
acetyl CoA.^ Inhibition of this enzymatic 
reaction should limit the availability of 
2-carbon units for fatty acid and 
cholesterol synthesis. 

Indeed A. C. Sullivan and her co-workers^ 
using a meal-fed rat as an animal model 
geared to elevated lipid synthesis, demon- 
strated that acute administration of HC 
inhibits, in a dose dependent manner, in 
vitro rates of Iipogenesis in hepatic cell-free 
and slice systems, and also in vivo rates of 
hepatic fatty acid and cholesterol synthesis. 

In two recent papers the same group of 
workers (A. C. Sullivan, J. G. Triscari, J. G. 
Hamilton, O. N. Miller, and V. R. 
Wheatley) investigated the effects of 
chronic administration of HC on lipo- 


genesis, weight gain, and appetite in 
rats.^'"^ The characteristics of inhibition of 
Iipogenesis after the acute administration 
of HC were also investigated further. 

In vivo rates of Iipogenesis were deter- 
mined by the intravenous administration 
of ^"^C-alanine and ^ H-water as precursors 
of lipids. The latter revealed total fatty acid 
and cholesterol synthesis independent of 
the source of carbon precursors of the 
acetyl groups. Earlier experiments had indi- 
cated that ^‘^C-alanine was equivalent to 
either ^^C-pyruvate or ^'^C-lactate as a 
carbon precursor for Iipogenesis. 

Female rats weighing 120 to 160 g were 
housed under controlled conditions of 
temperature and duration of light. They 
were fed a commercial diet (G-70) contain- 
ing 23 percent casein and 1 percent corn 
oil, with glucose, cellulose, vitamins, and 
minerals. Feeding was done once a day 
between 8 to 1 1 A.M. (meal feeding). When 
HC or citrate was added, the equivalent 
weight of sucrose was deleted from the 
diet. 
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Maximum incorporation of label in 
serum lipids was seen 30 minutes after 
administration and at that time most of the 
radioactivity was in the neutral lipid frac- 
tion indicating that it was from the liver. 
Peak incorporation of ^'^C-alanine in 
hepatic lipids was also seen at 30 minutes, 
but that of ^ H-water continued to be linear 
up to 1 hour. In all subsequent experiments 
on in vivo lipogenesis the animals were 
sacrificed 30 minutes after the injection of 
the labeled compounds. 

In the “acute effect" studies, the anitrials 
were prefasted for 48 hours, then meal fed 
the G-70 diet for 6 to 9 days. On the subse- 
quent day HC was given orally in saline 
directly before giving 8.7 g of food. Con- 
trol animals received only saline. The 
animals were sacrificed, at the desired time 
interval after completion of the meal 
period, the labeled compounds having been 
administered 30 minutes before sacrificing. 

Hepatic lipogenic rates increased to a 
maximum at 3 to 5 hours after feeding and 
declined subsequently to a minimum at 24 
hours. Administration of 2.63 mmoles per 
kilogram of HC, caused significant inhibi- 
tion of the lipogenic rate for 8 hours after 
refeeding. During this period, lipid 
synthesis from ^“^C-alanine and ^H-water 
was reduced by 68 percent and 72 percent 
respectively. By 12 hours the effect of HC 
was not apparent, and both the groups had 
comparable rates of lipogenesis. 

Inhibition of lipogenesis due to HC was 
also apparent in other tissues such as 
adipose tissue and the small intestine. This 
was despite markedly varying rates of lipo- 
genesis seen in the three tissues (adipose 
tissue, liver, small intestine). The anti- 
lipogenic effect of HC was dose dependent 
when tested at doses of 2.63, 5.26, and 
10.52 mg per kilogram. 

In the chronic feeding experiments, HC 
was administered 1 hour before the meal 
for a period of 11 to 30 days. Three doses 
of 2.63, 1.32, and 0.66 mmoles per kilo- 
gram were tested. In addition to the study 
of in vivo lipogenesis, the in vitro rates of 
hepatic lipogenesis with and without in 
vitro addition of HC were also examined. 


As expected, chronic administration of HC 
depressed in vivo lipogenesis. The treated 
rats, however, showed a markedly elevated 
in vitro rate, indicating greater lipid synthe- 
sizing enzymatic potential. Addition of HC 
in vitro to the reaction mixture diminished 
the rate of lipogenesis. 

The elevation in the in vitro lipid 
synthesizing capacity might be a compensa- 
tory phenomenon to the daily depression 
of FA synthesis, resulting from the com- 
petitive inhibition of ATP citrate lyase. The 
elevated enzyme could be ATP citrate 
lyase, since addition of HC in vitro lowered 
in vitro lipogenesis. Pair feeding showed 
that the effect of HC on lipogenesis was 
not due to food restriction. 

The fate of unutilized 2-carbon frag- 
ments is not clear. The data reported do 
not support the possibility of a delayed rise 
in the rate of in vivo lipid synthesis in the 
treated animals. Acute oral administration 
of HC was very recently reported to in- 
crease the in vivo rate of glycogenesis for 
several hours after feeding. Treated rats had 
higher hepatic glycogen. Some of the car- 
bons diverted from fatty acid synthesis are 
probably channeled into glycogen forma- 
tion.® 

Chronic oral administration of HC to 
growing rats for 11 to 30 days caused a 
significant reduction in body weight gain, 
food consumption, and total body lipid. 
Equimolar amounts of citrate did not have 
the same effect In fact, animals treated 
with citrate showed 35 percent higher 
weight gain. Liver size and lipid content 
were not affected with either treatment 
Unlike the effect on lipogenic rats, the 
decrease in weight gain and body lipid was 
due to lower food intake and not specific 
for HC. The dose of HC required to pro- 
duce these changes was lower when the 
compound was fed in two divided doses ^ 
rather than a single dose. 

These results suggest that HC may be of 
some value in the control of obesity and 
treatment of certain lipid disorders, 
particularly since HC does not enter the 
mitochondria and hence may not affect 
normal energy production.^ □ 
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HYPERLIPEMIA AND IRON DEFICIENCY 


An iron deficient diet produces anemia and depletion 
of iron stores in pregnant rats. The offspring, when 
they are suckled by iron deficient mothers, 
are also iron deficient and develop significant 
hyperlipemia. 


Key Words: anemia, iron deficiency, iron stores, 
serum lipids 

An association between iron deficiency 
anemia and lipidemia in animals has been 
on record for the past 65 years, ^ but the 
mechanism of the association is still 
obscure. In most of the original studies, 
anemia was produced by repeated bleeding. 
Recently, H. A. Guthrie and her co- 
workers^ examined the effect of iron 
deficiency in dams on blood lipids in the 
dams themselves and in their offspring after 
18 days of suckling. 

Female rats were fed a diet containing 
307 or 5 ppm of iron. Some animals were 
kept on the control high-iron content diet 
throughout gestation and lactation. A 
second group was kept on the iron 
deficient diet throughout gestation and 
lactation. In two other groups, however, 
animals were switched from a high to a low 
iron containing diet at parturition or con- 
versely some were switched from a low to a 
high iron containing diet at this time. 

Some dams were sacrificed at parturi- 
tion. The iron deficient animals showed no 


change in body weight, liver, or spleen 
weight; but liver iron content was 25 
percent of the control value. The hemato- 
crit was also reduced significantly but the 
fall in total iron-binding capacity and 
serum iron did not reach the level of 
statistical significance. In those dams sacri- 
ficed 18 days after parturition, the liver 
iron stores were significantly reduced in the 
animals on a deficient diet continuously, 
and also in those who had been on a 
deficient diet only during lactation. The 
animals which had switched from a de- 
ficient to a normal diet at parturition had 
restored their tissue iron level to normal. It 
was of interest that the splenic iron was 
significantly reduced in any group that had 
ever been fed the iron deficient diet. The 
hematocrit and serum iron were signifi- 
cantly low in those animals which had been 
on a deficient diet during pregnancy and 
lactation. 

The newborn pups from the iron defi- 
cient mothers were iron deficient, as judged 
by reduced liver and spleen iron content. In 
those sacrificed after 18 days suckling, the 
changes were varied. The most striking 



m 
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was a gross reduction in hematocrit and 
■ content of iron in the liver and spleen of 
I the pups from dams which were on the iron 
: deficient diet throughout pregnancy and 
lactation. 

These data show that the diet produced 
significant reduction in iron stores in the 
pregnant and lactating rat even when the 
diet was deficient during lactation. This 
was enough time for an iron deficiency to 
develop. Similarly, the pups of iron defi- 
cient mothers were iron deficient them- 
;| selves. 

The effect of iron deficiency on the 
serum lipids was of greater importance. 
Iron deficiency in the dams throughout 
pregnancy and lactation had no effect on 
ii the serum lipids. The pups from those dams 
which were on the deficient diet through- 
out pregnancy and lactation were the only 
, ones to show an increase in triglycerides, 

: cholesterol, and phospholipids. In addition 
their serum electrophoresis pattern had 
more diffuse pre-beta and alpha-lipoprotein 
bands than sera from other pups. The 
authors note an internal correlation 
between the various lipid fractions, but 
surprisingly there is no mention of any 
correlation between the levels of serum 
'l lipids and other indices of the anemia or 
the level of the iron deficiency. 

/ The mechanism of the hyperlipemia is 
|! not clear from these studies. Previous 
workers^ showed that weanling rats on an 
! iron deficient diet became anemic and had 
V elevated triglycerides, but cholesterol and 
phospholipid levels remained normal. They 
^ attributed the hyperlipemia partly to a fall 
in lipoprotein lipase activity demonstrated 
j in serum and tissue. In a similar study, E. 

j; K. Amine and D. M. Hegsted"^ also showed 

I: that iron deficiency in rats and chicks led 
; to hypertriglyceridemia but the level of 
j serum cholesterol remained low. The 
extent of the triglyceridemia was depend- 
ent upon the kind of fat included in the 
diet. It was high when the diet contained 
coconut oil but not greatly elevated when 


the diet contained unsaturated oils. These 
results are not entirely consistent with the 
data presented by Guthrie et al. who 
utilized a diet containing corn oil. All of 
the pups, whether fed deficient or control 
diets, showed elevations in the level of 
cholesterol while triglycerides were high 
only in the deficient animals. These dif- 
ferences in response are possibly explained 
by the degree of anemia. The hematocrit 
levels in the animals studied by Amine and 
Hegsted were in the order of 20 percent 
whereas the most deficient animals studied 
by Guthrie etal. had an average hematocrit 
of 13.5 percent. 

It should be clear that it is unlikely that 
irpn deficiency is causally related to hyper- 
lipemia in man. Epidemiologic data suggest 
a contrary relationship and indeed the 
studies of P. C. Elwood and co-workers^ 
indicated that hypolipemia was associated 
with low hemoglobin values rather than the 
reverse. These differences are probably also 
related to the degree of anemia. Marked 
aberrations in serum lipid levels in the 
experimental animals were associated with 
very severe anemia such as is rarely found 
in man, at least from uncomplicated iron 
deficiency. □ 
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HORMONAL REGULATION OF FORMIMINOTRANSFERASE 


Glucagon and epinephrine administered intravenously lead to a 
rapid increase in hepatic and jejunal formiminotransferase, whereas 
insulin produces a decrease in this activity in rat and man. 


Key Words: formiminotransferase, folic acid, 
cyclic AMP, hormonal regulation 

Adaptive changes in several rate-limiting 
enzymes of glycolysis and gluconeogenesis 
follow dietary intake of carbohydrate^ or 
oral folic acid.^ Adaptive increases in 
several jejunal folate-metabolizing enzymes 
also result from dietary carbohydrate, as 
well as folate.^ As several hormones that 
are mediated by cyclic 3',5'-adenosine 
monophosphate regulate such changes in 
carbohydrate metabolism,^ it became of 
interest to see if they would have a similar 
effect on folate metabolism. 

F. B. Stifel et al. have now investigated 
the effects of glucagon, insulin, epineph- 
rine, and cyclic AMP on hepatic and jejunal 
formiminotransferase activity in rat and 
man.^ This transferase is a key enzyme in 
the utilization of N-formimino- 
L-glutamate, derived from histidine catabo- 
lism, for formation of 5-formimino- 
tetrahydro folate. The latter is ultimately 
converted to such important compounds as 

°-formyltetrahydrofolate, which is in- 
volved in purine biosynthesis. Deficiency of 
formiminotransferase results in elevated 
serum folate, formiminoglutamicaciduria, a 
subtle megaloblastic anemia, and increased 
urinary aminoimidazolecarboxamide. 

In their work, Stifel et al.^ used 150 to 
230 g male Carworth rats maintained on rat 
chow and water ad libitum. The animals 
were anesthetized with pentobarbital ad- 
ministered intraperitoneally, the abdomens 
opened, and hormones or 0.9 percent saline 
injected into the portal vein following the 
removal of control samples of liver or 
jejunum. In some cases, puromycin dihy- 


drochloride (23 mg) or actinomycin D 
(0.66 pq per gram) were injected intra- 
peritoneally an hour to two before admin- 
istration of hormone. In other cases, 
nucleotides were injected at 5, 10, or 15 
minutes prior to removal of liver samples. 

Human studies were conducted with five 
normal male subjects who were fed in six 
equal portions per day a diet containing in 
percent: carbohydrate (equal glucose and 
fructose), 50; corn oil, 30; sodium case- 
inate, 20. Each person also received 192 mg 
of ferrous sulfate and one nonavitamin 
tablet daily. The folic acid content was 14 
jug. Jejunal biopsies were obtained on days 
four and nine. Before the first feeding on i 
day six, 15 units of NPH insulin was in- | 

jected subcutaneously. Other studies in- I 

eluded four children, two of whom had I 

glucose-6-phosphatase deficiency, and the I 

other two debrancher (amylo-1,6- \ 

glucosidase) deficiency. From these | 

patients, liver biopsies were obtained be- I 

fore and after 2 or 3 minutes of intra- | 

venous infusion of glucagon (1 mg per \ 

minute). i 

Formiminotransferase was measured | 

spectrophotometrically at 355 nm essen- | 

tially as described by T. Arakawa et al.® on I 

the supernatant solution (60 minutes at I 

104,000 X gravity) from homogenates of | 

liver or jejunal mucosa. Formimino-u- | 

glutamate was assayed according to H. | 

Tabor and L. Wyngarden.^ Cyclic AMP was I 

quantitated in liver following the method | 

of A. G. Gilman® and with the addition of | 

tritium-labeled compound to monitor re- | 

covery. | 

A significant (P < 0.01) increase in | 

hepatic formiminotransferase was found 15 | 



NUTRITION REVIEWS/VOL 33, NO. 2/FEBRUARY 1975 57 


minutes after as little as 1.5 mQ of glucagon 
administered to rats. Maximal response 
occurred with 100 or more times this level 
of the hormone, which caused enzyme 
activity in both liver and jejunal mucosa to 
nearly double, while the level of hepatic 
formiminoglutamate fell correspondingly. 
Pretreatment of animals with puromycin or 
actinomycin D to inhibit protein (new 
enzyme) synthesis had no effect. Insulin 
elicited the opposite effect, viz. a decrease 
in formiminotransferase activity, which was 
significant (P <0.01) with as little as 0.015 
units per kilogram and was nearly maximal 
with ten times more than this. The hepatic 
formiminoglutamate increased in inverse 
correspondence. Again, puromycin and 
actinomycin D failed to block the effect. 
Infusion of epinephrine (1 to 2 per 
minute) produced a rapid stimulatory re- 
sponse on the hepatic transferase and rise 
in level of cyclic AMP. When bOjumoles of 
nucleotide was similarly administered, a 
small, but significant (P <0.01) increase in 
the transferase activity was found with 
cyclic AMP, whereas no effect was detected 
with cyclic GMP, 5'-AMP, or ATP. 

Although less thoroughly studied, the 
same general effects on hepatic and jejunal 
formiminotransferase appear to follow the 
administration of the hormones to humans. 
Intravenous glucagon (1 mg per minute) 
approximately doubled the level of the 
hepatic transferase of the four child 
patients within two to three minutes. 
Subcutaneous insulin (15 units per each of 
three days) decreased the jejunal trans- 
ferase activity of the five normal adults fed 
the high carbohydrate diet. 

Stifel et al.^ point out that their demon- 
stration of the acute reciprocal hormonal 
regulation of the formiminotransferase by 
insulin and glucagon resembles the changes 
found in the regulation of the gluconeo- 
genic fructose diphosphatase by the same 
hormones.® The investigators speculate 
that the control of transferase mediated by 
cyclic AMP may involve a dephosphoryla- 
tion-phosphorylation mechanism analogous 
to that involved in the regulation of 
glycogen metabolism. In any event, the 


hormonal influence on formiminotrans- 
ferase may well be at the enzyme alteration 
level, since inhibitors of protein bio- 
synthetic machinery have no effect. The 
relationship between folate and carbo- 
hydrate metabolism may also exist at 
several levels of operation. □ 


1. M. C. Scrutton and M. F. Utter: The Regula- 
tion of Glycolysis and Gluconeogenesis in 
Animal Tissues. Ann. Rev. Biochem. 37: 
249-302, 1968 

2. R. H. Herman, F. B. Stifel, Y. F. Herman, and 

N. S. Rosensweig: The Response of Jejunal 
Glycolytic Enzymes to a Folate Deficient Diet 
in Germ-Free and Pathogen-Free Rats. Fed. 
Proc. 28: 628, 1969 

3. F. B. Stifel, R. H. Herman, and N. S. Rosen- 
sweig: Dietary Regulation of Glycolytic 
Enzymes. VII. Effect of Diet and Oral Folate 
Upon Folate-Metabolizing Enzymes in Rat 
Jejunum. Biochim. Biophys. Acta 208: 
381-386, 1970 

4. J. P. Jost and H. V. Rickenberg: Cyclic AMP. 
Ann. Rev. Biochem. 40: 741-774, 1971 

5. F. B. Stifel, 0. D. Taunton, H. L. Green, E. G. 
Lufkin, L. Hagler, and R. H. Herman: Hor- 
monal Regulation of Hepatic and Jejunal 
Formiminotransferase Activity in Man and 
Rat. Biochim. Biophys. Acta 354: 194-205, 
1974 

6. T. Arakawa, K. Narisawa, K. Tanno, K. Hara, 

O. Higashi, Y. Honda, T. Tamura, Y. Wada, T. 
Mizuno, and T. Hayashi: Megaloblastic 
Anemia and Mental Retardation associated 
with Hyperfolic-Acidemia: Probably due to 
N® Methylterahydrofolate Tranferase De- 
ficiency. Tohoku J. Exp. Med. 93: 1-22, 1967 

7. H. Tabor and L. Wyngarden: The Enzymatic 
Formation of Formiminotetrahydrofolic 
Acid, 5,10-Methenyltetrahydrofolic Acid, and 
10-Formyltetrahydrofolic Acid in the Metabo- 
lism of Formiminoglutamic Acid. J. Biol. 
Chem. 234: 1830-1846, 1959 

8. A. G. Gilman: A Protein Binding Assay for 
Adenosine 3':5'-Cyclic Monophosphate. Proc. 
Nat. Acad. Sci. USA 67: 305-312, 1970 

9. 0. D. Taunton, F. B. Stifel, L. H. Greene, and 
R. H. Herman: Rapid Reciprocal Changes of 
Rat Hepatic Glycolytic Enzymes and 
Fructose-1, 6 -diphosphatase Following 
Glucagon and Insulin Injection In Vivo. 
Biochem. Biophys. Res. Common. 48: 
1663-1670, 1972 


58 NUTRITtON REVIEWS/VOL 33, NO. 2/FEBRUARY 1975 


ELEVATED XANTHINE OXIDASE IN 
VITAMIN E DEFICIENCY 




Immunochemical evidence is presented that the increased 
xanthine oxidase activity that occurs in the livers 
of rabbits deficient in vitamin E is due to an 
increased accumulation of the enzyme protein. 


Key Words; vitamin E, xanthine oxidase 

An observation that vitamin E deficiency in 
rabbits and monkeys led to a marked 
increase in ailantoin excretion prompted J. 
S. Dinning^ to investigate liver xanthine 
oxidase and uricase levels in this deficiency. 
A marked increase in liver xanthine oxidase 
was found to occur while uricase activity 
was normal. The increased activity of 
xanthine oxidase was not affected by the in 
vitro addition of either a-tocopherol phos- 
phate or normal liver homogenates. Further 
studies by G. L. Catignani and J. S. 
Dinning^ tended to rule out the possibility 
that an activation of preformed xanthine 
oxidase was occurring in vitamin E defi- 
ciency and these authors suggested that 
vitamin E regulates the synthesis of the 
enzyme. Evidence has now been presented 
by G. L. Catignani and his co-workers^ that 
an accelerated de novo synthesis probably 
occurs in vitamin E deficiency in rabbits. 

These recent studies of Catignani et al. 
were made possible by the ability of the 
authors to make a preparation of xanthine 
oxidase from the livers of rabbits deficient 
in vitamin E which showed homogeneity 
on acrylamide gel electrophoresis (unpub- 
lished results). Antibodies to the enzyme 
were obtained by injecting the enzyme into 
a sheep. Immunoelectrophoresis of the 
antibody preparation showed a single pre- 
cipitin arc in the presence of the purified 
xanthine oxidase. Livers from normal and 
vitamin E deficient rabbits were homo- 
genized and centrifuged at 105,000 x-g. 
Increasing amounts of both supernatants 


(cytosol) were then incubated in the pres- 
ence of a fixed amount of either control or 
immune serum, and the xanthine oxidase 
activity measured. A plot of activity versus 
the amount of cytosol yielded an equi- 
valence point, the amount of cytosol 
necessary to furnish sufficient xanthine 
oxidase to react with the fixed amount of 
antibody that was employed. A series of 
such experiments of immunochemical titra- 
tion revealed that the cytosol prepared 
from livers of vitamin E deficient rabbits 
had four to nine times the capacity to 
neutralize the enzyme antibody as that 
from normal animals. The enzyme activity 
of the cytosol prepared from the experi- 
mental animals was also four to nine times 
that obtained from the normal animals. A 
graph is presented by the authors in which 
the activity of original cytosol is plotted 
against the activity found in the presence 
of the fixed amount of antibody. Such a 
graph reveals identical lines for both 
normal and experimental cytosol and 
demonstrates that the xanthine oxidase 
which accumulates during vitamin E defi- 
ciency is immunologically indistinguishable 
from that in the normal animal. 

A second approach to the problem is 
made by measuring the incorporation of 
radioactive leucine into xanthine oxidase. 
Control and vitamin E deficient rabbits were 
fasted overnight and ^^C-leucine was in- 
jected. Six hours later the animals were 
sacrificed and liver cytosols prepared. From 
these cytosols the following fractions were 
made and analyzed for radioactivity: 
immunoprecipitable protein, total protein 
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as precipitated by trichloracetic acid, and 
leucine isolated from the trichloracetic acid 
supernatants. The radioactivity of the 
immunoprecipitable protein obtained from 
the deficient animals was 357 and 821 
percent higher than that of the control 
animals. In these experiments the enzyme 
activity of the cytosol from the deficient 
animals was 670 and 890 percent of the 
control value. No significant difference was 
observed between experimental and control 
animals in the radioactivity of the protein 
precipitated from the cytosol by trichlor- 
acetic acid. The specific activity of the 
leucine isolated from the trichloracetic acid 
supernatant of the cytosol from the defi- 
cient rabbits was 40 percent lower than 
that from the control animal. This latter 
finding of an apparent "decreased avail- 
ability" of labeled leucine in the deficient 
animals is interpreted by the authors to 
substantiate "the concept that an elevated 
rate of synthesis of the enzyme occurs 
during vitamin E deficiency". It is puzzling 
that this decrease in the pool of labeled 
leucine is not reflected in the radioactivity 
of the protein precipitated by trichloracetic 
acid from the liver cytosol of the deficient 
animals. 

The authors make the reasonable conclu- 
sion that their results show that the 
mechanism of increase of liver xanthine 
oxidase in vitamin E deficient rabbits in- 
volves the accumulation of the enzyme 
protein rather than an activation of the 
enzyme. They favor the interpretation that 
the accumulation of xanthine oxidase 
reflects an accelerated de novo synthesis of 
the enzyme. They are careful, however, to 


point out that a part of the accumulation 
of the enzyme may be due to inhibition of 
its degradation. In any case their results 
seem to indicate clearly the direction that 
future investigations must follow in eluci- 
dating the mechanism responsible for this 
change. One possibility suggested by the 
authors is that in vitamin E deficiency 
there is an alteration of the transcription of 
the messenger RNA for xanthine oxidase. 
Earlier workers^ suggested that vitamin E 
somehow regulates the synthesis of the 
enzyme. The possibility must not be over- 
looked that the increase in xanthine 
oxidase may be secondary to a more 
primary aberration in nucleic acid metabo- 
lism as suggested by Dinning.^ Thus the 
increase in xanthine oxidase might be a 
reflection of an increase in the flux of its 
subtrates and resemble the marked changes 
in liver glucose-6-phosphate dehydrogenase 
activity that occurs with alterations in 
dietary carbohydrate intake. The relation- 
ship between xanthine oxidase activity and 
vitamin E levels certainly seems to be 
worthy of more intensive study. □ 
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HAZARDS OF OVERUSE OF VITAMIN D 


A Statement of the FOOD AND NUTRITION BOARD, 
NATIONAL ACADEMY OF SCIENCES, NATIONAL RESEARCH COUNCIL 

Prepared by the Committee on Nutritional Misinformation 


An excess intake of vitamin D can result in 
serious toxicity. Vitamin D is stored in the 
fatty tissues of the body and is present in 
the circulating plasma. Because vitamin D 
promotes absorption of calcium from the 
intestine, a large excess of stored vitamin D 
can cause excessive quantities of calcium in 
the blood (hypercalcemia) persisting for 
months after intake of vitamin D has been 
discontinued. Chronic hypercalcemia 
causes calcification of soft tissues with 
particularly serious injury to the kidney; 
associated general symptoms are weakness, 
lethargy, anorexia, and constipation. The 
sensitivity of individuals to an excess of 
vitamin D is quite variable so that it is not 
possible to state the minimal toxic dose. 
Overuse of vitamin D in England and the 
European continent during the 1940's and 
1950's is thought to be the cause of a 
serious disorder of infancy called 
"idiopathic hypercalcemia" that was seen 
with unusual frequency in that period. 
Following reduction of vitamin D intake to 
levels approximating those considered 
adequate in this country, "idiopathic 
hypercalcemia" has become quite rare. 

Vitamin D is an unusual nutrient in that 
its major natural source is not food, but 
rather the 7-dehydrocholesterol in the 
skin, which is converted to vitamin D by 
the short wave ultraviolet component of 
sunshine. The usual foods of infants in- 
cluding breast milk contain little vitamin D. 
Without exposure to sunshine or fortifica- 


tion of the diet with vitamin D, vitamin D 
deficiency results in infants. In some in- 
dustrial cities of the temperate zones 
infants may not get sufficient exposure to 
ultraviolet light because of the combination 
of climatic conditions and atmospheric 
smog. Smog absorbs most of the sun's short 
wave ultraviolet light radiation even on 
sunny days. For this reason rickets, the 
disease resulting from defective mineraliza- 
tion of bone due to lack of vitamin D, was 
once extremely common in infants and 
children in northern Europe and the United 
States. Because of the widespread use of 
vitamin D-fortified milk and infant feeding 
preparations, rickets has become an ex- 
ceedingly rare disease in this country. 

The vitamin D requirement of infants 
during the rapidly growing period of the 
first six months of life, can, and has been, 
accurately determined. In this age period a 
daily intake of 400 l.U. of vitamin D is 
adequate with an ample margin of safety 
for normal biological variation. For most 
infants 100 l.U. per day in milk would 
probably suffice. Vitamin D is also required 
by older children and adults but determina- 
tion of the true requirement beyond 
infancy is extremely difficult, and the 
assumption has been made that a daily 
intake of 400 units meets the needs beyond 
infancy as well. This seems justified by our 
present experience. In the adult, the poor 
mineralization of bone resulting from vita- 
min D deficiency is termed osteomalacia. 




Nutritional osteomalacia due to lack of 
; vitamin D has been described particularly 
j in elderly patients on highly restricted diets 
estimated to provide less than 100 I.U. of 
vitamin D per day. The normal child, the 
adult, and the pregnant or lactating woman 
I do not require more than 400 I.U. of 
I vitamin D per day. These normal require- 
jr ments are met by exposure to sunshine and 
j: consumption of such foods as vitamin D- 

M fortified milk, egg yolk, and fish, such as 

H salmon, sardines, herring, and tuna. The use 

I; of vitamin D concentrates is necessary for 
i! breast fed infants and infants on non- 

Ij fortified milk but is rarely required for the 
r| proper vitamin D nutrition of other infants, 
1; children, or adults. 

l! Use of highly concentrated preparations 
i: of vitamin D may be required by patients 

ii; with specific diseases requiring unusual 
i|i amounts of vitamin D. This treatment must 
, j be closely supervised by a physician. 

H Vitamin D must be metabolized in the liver 
and kidney before it becomes the active 
I compound that regulates the calcium and 
I- phosphate metabolism of the body and 
' ensures normal bone mineralization. The 
iii vitamin D requirements of patients with 
v ' liver disease and kidney disease must be 


separately determined and such patients 
may require much greater amounts of this 
vitamin than is normally given. Because of 
poor absorption of vitamin D by patients 
with intestinal malabsorption increased 
amounts of dietary vitamin D are needed in 
their treatment. 

In summary, excessive amounts of vita- 
min D are hazardous and only individuals 
with diseases affecting vitamin D absorp- 
tion or metabolism require more than 400 
I.U. per day. Such needs should be estab- 
lished by clinical evaluation, and treatment 
should be specifically recommended and 
supervised by physicians. □ 
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Meeting Announcement 


The Xth International Congress of Nutri- 
tion (XICN), sponsored by the Inter- 
national Union of Nutritional Sciences 
(lUNS), will be held in Kyoto, Japan, from 
August 3 through August 9, 1975, at the 
Kyoto International Conference Hall 
(KICH). Previous Congresses took place in 
Hamburg (1966), Prague (1969) and Mex- 
ico City (1972). Japan was designated as 
the site of the Xth Congress at the Mexico 
Congress. 

The Science Council of Japan, an ad- 
hering body to the lUNS, will be the host 
of the Kyoto Congress with the support of 
the Japanese Government. The Congress 
will be open to all interested persons and is 
expected to draw more than 2,500 experts 
in nutritional sciences and related areas 
from all over the world. 

Organizers of the International Congress 
hope that many scientists from this 
country who engage in the nutritional 
sciences and their application will partici- 
pate in the Congress, and that they, aiming 
at our symbolic theme "Through Science 
and Nutrition to Human Wellbeing", might 
be able to enhance better understanding 
and exchange with foreign scholars. 

Congress Schedule 

The Congress will open with a ceremony 
to be held in the Main Hall of the Kyoto 
International Conference Hall on Sunday 
morning, August 3, 1975. The ceremony 
will be followed the same afternoon by a 
special symposium on "World Food Needs 
and Resources — the Current Crisis and 
Future Prospects." 

The Congress will close with a ceremony 
which will take place on Saturday after- 
noon, August 9. During the intervening 
period, all Congress sessions will be held in 
the KICH from 9:00 to 12:00 and from 
13:30 to 17:00. 

The ordinary technical sessions will con- 
sist of symposia and free communication 


sessions. Six to seven symposia will be held 
simultaneously every morning and there 
will be several free communication sessions 
on four afternoons. 

The symposia will be held on seven sub- 
jects. In each session, three to six papers, 
recruited by invitation only, will be pre- 
sented. The audience will have the oppor- 
tunity and is encouraged to participate in 
these discussions. 

Submissions of Abstracts 

Each active member is entitled to submit 
one abstract for free communications by 
using the special Form A and B enclosed in 
the Second Circular Book of the Xth ICN. 
Abstracts must be received before the dead- 
line of February 28, 1975. Abstracts will 
be accepted only from those who have paid 
the registration fee for active membership 
by April 30, 1975. Authors will be notified 
by May 31,1 975 of the acceptance of their 
abstracts for oral presentation. 

Registration Fee 

Active Member: US$ 85.00 or ¥ 29,000 
(per person) 

Affiliate Member: US$ 40.00 or ¥ 10,000 
(per person) 

Deadline: Registration with payment is re- 
quested to be completed not later than 
April 30, 1975 (post-marked). 

Late Fee: After the deadline has passed, 
participants seeking to register are asked 
to pay an additional US$ 10.00 or ¥ 
3,000 per person (both Active and Affil- 
iate Members). 

Correspondence 

All correspondence related to the Con- 
gress should be addressed to: 

Secretariat, XTH INTERNATIONAL 
CONGRESS OF NUTRITION 
c/o Kyoto International Conference Hall 
Takaraike, Sakyo-ku, Kyoto, 606 Japan 
Phone: 075-791-3111 
Cable: INTHALL KYOTO 
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Current Status of AMA Council on Foods and Nutrition 


According to the Board of Trustees of the 
American Medical Association, the Council 
on Foods and Nutrition is not terminated 
but continues to exist on an inactive status. 


pending the action of the House of Dele- 1 
gates at the American Medical Association ; 
Annual Meeting. □ I 



The Index of Nutrition Education Materials has been prepared by the Office of 
Education of the Nutrition Foundation to assist teachers and the general 
public in acquiring useful teaching aids and educational materials. 

The Index lists more than 1 ,000 booklets, pamphlets, audio-visual aids and 
lists of recommended books available from federal agencies, professional 
societies, and educational organizations or foundations. Other sources for 
education material are included. 

Gives addresses of important local contacts and sources in each state. 

Source, subject matter, readership level and description are given for each 
publication in color-coded sections for easy reference. $5.00 postpaid 


Order from; 

OFFICE OF EDUCATION 
THE NUTRITION FOUNDATION 
888 Seventeenth Street, N.W. 
Washington, D. C. 20006 
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T he first evidence that cobalt is a dietary 
essential was obtained just 50 years ago 
as an outcome of Australian researches into 
the cause of two naturally occurring de- 
bilitating diseases of sheep and cattle 
known locally as 'coast disease' and 'wast- 
ing disease'.^ Prior to this, workers in 
New Zealand had shown that a similar 
disease of cattle, known as 'bush-sickness', 
could be cured and prevented by the oral 
administration of large amounts of crude 
iron salts and ores. Iron deficiency then 
became accepted as the cause of this and 
similar diseases, until J. F. Filmer and E. J. 
Underwood,^ who had become suspicious 
of the large amounts of iron compounds 
required to cure wasting disease, prepared 
an iron-free extract of one of these curative 
compounds and found it to be just as 
potent as the whole compound. This led to 
the hypothesis that the disease was due to a 
deficiency in the soils and herbage of the 
affected areas of some trace element which 
occurred as a contaminant of the iron com- 
pounds successfully used. The trace ele- 
ment was subsequently shown to be 


Dr. Underwood, formerly Director, Institute of 
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present Chairman, National Committee on Nutri- 
tional Sciences, Australian Academy of Science 
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wealth Scientific and Industrial Research Organi- 
zation (Australia), Private Bag, P. 0., Wembley 
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cobalt^ and normal growth and health of 
sheep and cattle were secured by the ad- 
ministration of small (0.1 mg to 1.0 mg Co 
per day) oral doses of a cobalt salt.'^ 

During the course of these investigations 
it was found that whole liver administered 
orally was also curative of wasting disease. 
Liver was tested in this way because it had 
just been shown to control pernicious 
anemia in man and anemia was a common 
manifestation of the disease of cattle under 
study. Liver ash administered in com- 
parable doses to whole liver was ineffective. 
This led to the suggestion that the potency 
of liver was due to the presence of a stored 
factor and that cobalt functions through 
the production of this factor within the 
body.'’ Eleven years were to pass before 
this hypothesis was validated and the 
'stored factor' was shown to be the cobalt- 
containing vitamin Three years 

later S. E. Smith and co-workers^ at 
Cornell effected complete remission of all 
signs of cobalt deficiency in lambs by injec- 
tions of vitamin Cobalt deficiency in 
ruminants then emerged as a vitamin 
deficiency brought about by the inability 
of the rumen micro-organisms, in the 
presence of inadequate dietary cobalt, to 
synthesize sufficient vitamin Bj ^2 
the needs of the host animal's tissues for 
this vitamin. A unique nutritional situation 
was thus disclosed; a situation in which 
animals utilize a trace element solely as an 
integral part of a vitamin and are com- 
pletely dependent upon the symbiotic 
activities of their gastrointestinal micro- 
organisms for their supply of that vitamin. 
The cobalt status of ruminant diets is there- 
fore crucial to their growth and health. 
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A further unique aspect of cobalt is that 
it must be supplied in the diet of man and 
other monogastric species entirely in its 
physiologically-active form, cobalamin or 
vitamin 63^3 - The tissues of these species 
are unable to synthesize the vitamin from 
dietary cobalt and their intestinal micro- 
flora have an extremely limited capacity to 
effect this vital transformation at a point in 
the digestive tract where the vitamin can be 
absorbed. For all other elements, except 
possibly chromium, man and animal species 
with comparable digestive and absorptive 
processes possess an apparently complete 
capacity to produce the required physio- 
logically active organic combinations from 
simple elemental or inorganic forms of the 
element supplied in the diet. In these 
circumstances the cobalt status of human 
foods and dietaries is relatively unim- 
portant — it is their vitamin g status that 
is critical. Furthermore, since 1 fig vitamin 
Psr day, as H. A. Schroeder et al.® 
have said 'can make the difference between 
life and death from human pernicious 
anemia' and since vitamin B;^2 contains 
4.34 percent Co, it could be argued that 
the daily human requirement for cobalt, 
provided it is all in this form, is an in- 
finitesimal 0.0434 /ig- 

Cobalt in Foods and Dietaries 

The limited data available for the cobalt 
content of human foods and total diets are 
extremely variable. Some of this variation 
undoubtedly stems from analytical errors 
and some is due to genuine variations aris- 
ing from soil and climatic differences 
directly affecting the cobalt content of the 
I foods of plant origin and indirectly affect- 
'' ing those of animal origin. Thus G. K. 

! Murthy et al.^^ in an extensive study of 

the diets of children from 28 widely 
separated institutions in the United States, 
found the cobalt concentration in the total 
diets to vary from 0.25 to 0.69 mg per kilo- 
gram and the total intakes to range from 
0.30 to 1.77 mg Co per day, with a mean 
of 1.02 mg per day. These levels are much 
higher than the 0. 1 6 to 0. 1 7 mg Co per day 
for adults consuming North American diets 


estimated by I. H. Tipton et al.® or the 
0.14 to 0.58 mg Co per day estimated by 
Schroeder et al.® Such intakes would give 
cobalt concentrations in the total diet close 
to 0.2 to 0.5 ppm (dry basis) which is two 
to five times the cobalt concentration in 
pastures and fodders found to be just 
adequate for sheep and cattle.'^ 

Among individual types of foods the 
green leafy vegetables are the richest and 
most variable in cobalt content, while dairy 
products, refined cereals, and sugar are the 
poorest. Typical values for the former 
group are 0.2 to 0.6 ppm Co (dry basis) 
and for the latter 0.01 to 0.03 ppm Co (dry 
basis). Normal cow's milk is very low in 
cobalt with levels ranging from 0.4 to 1.1 
fig per liter and with most values lying close 
to 0.5 fig per liter.^®'^® The organ meats, 
liver and kidney, commonly contain 0,15 
to 0.25 ppm Co (d.b.) and the muscle 
meats approximately half those levels. 
These foods contain much more cobalt 
than can be accounted for as vitamin B^g/ 
although the liver as the main storage organ 
of the body is a relatively rich source of 
this vitamin. Fruits, vegetables, and cereals 
contain none of their cobalt in the form of 
vitamin B^ g- 

Cobalt Metabolism 

Studies of the absorption and excretion 
of cobalt reveal a rather confusing situa- 
tion. Several of the early investigations, 
using radioactive cobalt, indicated that 
dietary or orally administered cobalt is 
poorly absorbed, by rats and farm animals 
and is excreted mainly in the feces.^®’^^ 
R. W. Engel and co-workers^ ® also re- 
ported that preadolescent girls excreted 90 
percent of their total cobalt excretion in 
the feces and 10 percent in the urine. A 
very different picture emerges from later 
studies indicating that cobalt is well- 
absorbed,^^ that the major route of excre- 
tion is the urine,®'® and that there is a 
direct relationship between the proportion 
of an oral dose that is absorbed from the 
intestine and the proportion that is ex- 
creted in the urine.'^®’'^^ It seems that in 
man only small amounts of cobalt are lost 
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j by way of the feces,® sweat, and 
hair.® It appears, further, that cobalt shares 
with iron at least part of the same intestinal 
^ mucosal transport pathway in which ac- 
celeration of transport of both elements is 
governed by the same mechanism. Thus 
cobalt absorption, as well as iron absorp- 
tion, is significantly enhanced in iron- 
deficient rats,'^® in iron deficiency in 
man,^°'^® and in patients with portal 
cirrhosis with iron overload and in those 
with idiopathic hemochromatosis.''^® The 
concept that the intestinal transport of 
cobalt and iron involves a common path- 
way is compatible with the demonstration 
of a mutual antagonism between the two 
elements at the absorptive level, referred to 
later in connection with cobalt toxicity.®® 
Why man and the rat should absorb far 
more cobalt than they can possibly use is 
unknown, unless a function for this ele- 
j ment exists, in addition to its role in 
vitamin which has yet to be dis- 

I covered. 

Using neutron activation analysis N. 

I Yamagata et al.®® analyzed human tissues 
i for cobalt and calculated the whole body 

content of an average adult man as 1.1 mg 
Co. On the basis of meager data it seems 
that cobalt does not accumulate signifi- 
cantly in human tissues with age,®’®° as 
does cadmium in the industrialized world, 
and does not decrease significantly with age 
as is common with chromium in'individuals 
consuming western-style diets high in re- 
fined and processed foods. 

Cobalt Toxicity 

Cobalt has a low order of toxicity in all 
species studied, including man. Daily doses 
of 3 mg Co per kilogram of bodyweight, 
which approximates 150 ppm Co in the dry' 
diet (or some 1000 times normal levels) can 
be tolerated by sheep for many weeks with- 
''V" out toxic effects.®® With doses of 4 mg Co 
per kilogram of bodyweight or higher, appe- 
tite and bodyweight are severely depressed, 
the animals become anemic, and some die. 
The anemia perhaps arises from a depression 
in iron uptake by the very high intakes of 
cobalt. Thus the absorption of ®®Fe from 


jejunal loops of the rat has been shown to 
be reduced by almost two-thirds in the 
presence of a ten-fold higher cobalt con- 
centration. A 100-fold excess of cobalt will 
suppress absorption of ®®Fe nearly com- 
pletely.®® On the other hand, rats and 
other species, other than the adult rumi- 
nant, fed large amounts of cobalt as cobalt 
salts develop a true polycythemia accom- 
panied by hyperplasia of the bone marrow, 
reticu locytosis, and increased blood 
volume.®'^ The oral intakes of cobalt neces- 
sary to produce significant polycythemia, 
approximately 200 to 250 ppm Co of the 
total diet, and are therefore clearly many 
times greater than those that could con- 
ceivably be obtained from normal foods 
and beverages. Cobalt has been reported to 
stimulate production of erythro- 
poietin,®^'®® but the amounts required are 
so large that the effect probably results 
from tissue hypoxia.®® 

The polycythemic effect of cobalt led to 
the use of cobalt as a non-specific erythro- 
poietic stimulant in man. Cobalt salts have 
been used in the treatment of the anemia 
of nephritis and infection®® and several 
reports have appeared of hemopoietic 
response to cobalt, in addition to iron, in 
children and in pregnant women.®®'®® The 
amounts required to elicit these responses 
are so large (20 to 30 mg Co per day) that 
serious toxic manifestations, including 
thyroid hyperplasia, myxedema, and con- 
gestive heart failure in infants, can 
occur.®®’®® Cobalt, therefore, occupies a 
very restricted place in the management of 
human anemias. 

In certain circumstances, as yet unex- 
plained, cobalt intakes substantially lower 
than the 20 to 30 mg per day mentioned in 
the preceding paragraph, can be toxic to 
man. Cobalt has been incriminated as the 
precipitating factor in several outbreaks of 
severe cardiac failure in heavy beer 
drinkers. Cobalt was suspected because of 
the high incidence of polycythemia, 
thyroid epithelial hyperplasia, and colloid 
depletion noted in the fatalities, in addition 
to the congestive heart failure.®"^ Cobalt 
salts had been added to the beer, a practice 
no longer in use, to improve its foaming 
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qualities at concentrations of 1.2 to 1.5 
ppm Co. At such concentrations the con- 
sumption of 24 pints daily would supply 
about 8 mg of cobalt sulfate, an amount 
well below that which can be taken with 
impunity by normal individuals, in fact, up 
to 300 mg daily of cobalt salts have been 
used therapeutically without cardiotoxic 
effects. It seems that high cobalt and high 
alcohol intakes are both necessary to 
induce the distinctive cardiomyopathy, 
plus a third factor which may be low 
dietary protein,^ ^ or thiamin deficiency.^® 
In a recent study of the effect of cobalt, 
beer, and thiamin-deficiency in pigs, a com- 
parable cardiomyopathy was not ob- 
served.®^ 

Cobalt and the Thyroid 

Cobalt, and also manganese, have been 
reported to be necessary for the synthesis 
of the thyroid hormone in rats.®® The 
addition of physiological doses of cobalt to 
a diet which was not naturally high in 
iodine or cobalt did not affect the weight 
of the gland, but caused definite histologi- 
cal changes, including a decrease in the size 
of the follicles and an increase in the height 
of the epithelial cells. It was concluded that 
'the appearance of endemic disturbances of 
thyroid gland function in people inhabiting 
biogeochemical provinces with a low iodine 
and a low cobalt content depend not only 
on the level of I and Co, but also on the 
ratio of these elements in the environment'. 
Other workers in the Soviet Union®® have 
observed an inverse correlation between the 
cobalt levels in the foods, waters, and soils 
in certain areas and the incidence of goiter 
in man and farm animals. A possible rela- 
tionship between the cobalt status of the 
environment and the incidence of goiter 
warrants investigation in other areas and 
further critical examination of the sugges- 
tive cobalt iodine interaction in animals is 
desirable. □ 


1. H. R. Marston, J. Council Sci. Indian Res. 
(Australia) 8: 111-116, 1935, and E. W. Lines, 
J. Council Sci. Indian Res. (Australia) 8; 
117-119, 1935 

68 NUTRITION REVIEWS/VOL 33, NO. 3/MARCH 1975 


2. E. J. Underwood and J. F. Filmer, Aust. Vet. 
J. 11; 84-92, 1935 

3. J. F. Filmer and E. J'. Underwood, Aust. Vet. 
J. 10; 83-87, 1934 

4. J. F. Filmer and E. J. Underwood, A t/sf. Vet. 
y. 13; 57-64, 1937 

5. E. L. Rickes, N. G. Brink, F. R. Koniusky, 
T. R. Wood, and K. Folkers, Science 108; 
134, 1948 

6. E. L. Smith, A/aft/re (London) 162; 144-145, 
1948 

7. S. E. Smith, B. A. Koch, and K. L Turk, J. 
Nutrition 44; 455-464, 1 951 

8. H. A. Schroeder, A. P. Nason, and I. H. 
Tipton, J. Chronic Dis. 20; 869-890, 1967 

9. 1. H. Tipton, P. L. Stewart, and P. G. Martin, 
Health Phys. 12; 1683-1689, 1966 

10. E. D. Andrews, New Zealand J. Agr. Res. 8; 
788-817, 1965 

11. H. J. Lee and H. R. Marston, Aust. J. Agr. 
Res. 20; 905-918, 1969 

12. G. K. Murthy, U. Rhea, and J. T. Peeler, 
Environ. Sci. Technoi. 5; 436-442, 1971 

13. J. G. Archibald, J. Dairy Sci. 30; 293-297, 
1947 

14. G. H. Ellis and J. F. Thompson, Indian Eng. 
Chem. Anal. Ed. 'll: 254-257, 1945 

15. M. Kirchgessner, Z. Tierphysioi. Tierernahr. 
Futtermittelk 14; 270-278, 1959 

16. C. L. Comar, G. K. Davis, and R. F. Taylor, 
Arch. Biochem. 9; 149-158, 1946 

17. C. L. Comar and G. K. Davis, Arc/?, Biochem. 
12; 257-266, 1947 

18. R. W. Engel, N. 0. Price, and R. F. Miller, J. 
Nutrition 92; 197-204, 1967 

19. N. Yamagata, S. Muratan, and T. Morii, J. 
Radiat. Res. (Tokyo) 3; 4-8, 1962 

20. 1. H. Tipton and M. J. Cook, Health Phys. 9; 
103-145, 1963 

21. P. P. Toskes, G. W. Smith, and M. E. Conrads, 
Am. J. din. Nutrition 26; 435-437, 1973 

22. D. E. Becker and S. E. Smith, J. Animal Sci. 
10; 266-271, 1951 

23. W. Forth and R. Rummel in Intestinal Ab- 
sorption of Meta! ions. Trace Elements and 
Radionuclides. S. C. Skoryna and Wadron- 
Edward, Editors, pp. 173-191. Pergamon 
Press, Montreal, 1971 

24. W. C. Grant and W.S. Root, Physiol. Rev. 32; 
449-498, 1952 

25. F. H. Gardner, J. Lab. din. Med. 41 ; 56-64, 
1953 

26. B. L. Coles, Arch. Dis. Child. 30; 121-126, 
1955 

27. F. Tevetoglu,v/. Pediat. 49; 46-55, 1956 



28. H. G. Hamilton, South. Med. J. 49: 
1056-1060, 1956 

29. T. Sederholm, K. Kouvalainen, and B. A. 
Lamberg, Acta Med. Scandinav. 184: 
301-306, 1968 

30. T. C. Washburn and E. Kaplan, Clin. Paediat. 
(Philadelphia) 3: 89-92, 1964 

31. E. Goldwasser, L. O. Jacobson, W. Fried, and 
L. F. Plzak, 5/00^/13: 55-60, 1958 

32. J. W. Fisher and B. J. Birdwell, Acta Haema- 
tol. (Basal) 26: 224-232, 1961 

33. J. W. Fisher and J. W. Langston, Blood 29: 
114-125,1967 

34. Nutrition Reviews!^: 173-175, 1968 

35. C. S. Alexander, Ann. Int. Med. 70: 411-413, 
1969 

36. H. T. Grinvalsky and D. M. F\tdc\, Ann. N.Y. 
Acad. Sci. 156: 544-565, 1969 

37. R. E. Burch, R. V. Williams, and J. F. Sulli- 
van, Am. J. din. Nutrition 26: 403-408, 1973 


38. R. I. Blokhima in Trace Element Metabolism 
in Animals. C. F. Mills, Editor, pp. 426-432. 
S. Livingstone, Edinburgh, 1970 

39. V. V. Kovalsky in Trace Element Metabolism 
in Animals. C. F. Mills, Editor, pp. 385-397. 
S. Livingstone, Edinburgh, 1970 

40. L. S. Valberg, J. Ludwig, and D. Olatunbosun, 
Gastroenterology 56: 241-251, 1969 

41. L. S. Vallberg in Intestinal Absorption of 
Metal Ions, Trace Elements and Radio- 
nuclides. S. C. Skoryna and Waldron-Edward, 
Editors, pp. 257-263. Pergamon Press, 
Montreal, 1971 

42. C. F. Consolazio, R. A. Nelson, L. O. 
Matoush, R. C. Hughes, and P. Drone, U.S. 
Army Med. Res. Nutrition Lab. Rept. 1-13, 
1964 

43. S. Pollack, J. N. George, R. C. Reba, R. M. 
Kaufman, and W. H. Crosby, J. din. Invest. 
44: 1470-1473, 1965 





authoritative articles by distinguished international scientists ® competent, 
critical, and knowledgeable reviews o interpretative summaries of important 
original clinical and experimental research o selected excerpts from classic 
publications marking milestones in nutrition research © informative special 
reports on government and organization actions © contributing editors re- 
view journals of widespread interest covering biochemistry, food science, 
public health, toxicology, dentistry, pediatrics, internal medicine, gas- 
troenterology and other clinical specialities © 


Send subscription and renewal requests to: 

THE NUTRITION FOUNDATION 

489 Fifth Avenue 

New York, New York 10017 


$12.00 per year $6.00 for students 


NUTRITION REVIEWS/VOL 33, NO. 3/MARCH 1975 69 




DIETARY FIBER AND COLONIC FUNCTION — 

AN EFFECT OF PARTICLE SIZE? 

Studies of the effects of two types of bran preparation on colonic 
function indicated that particle size had an important effect on motility. 


Key Words: dietary fiber, bran, water-binding 
capacity 

In the last two or three years there has 
been a reawakening of interest in clinical 
nutrition circles concerning the possible 
role of those dietary constituents derived 
from the structural components of the 
plant cell wall or the fiber content of the 
diet. This increasing interest has its origins 
in the paper by N. S. Painter and D. P. 
Burkitt^ in which they suggested that 
diverticular disease was the result of a de- 
ficiency of 'fiber' in the diet. This view was 
based on epidemiological evidence of the 
incidence of diseases of the large bowel in 
different communities consuming diets 
which differed in their fiber contents, 
among other things, and in communities 
where the diets had undergone a change in 
fiber content with time. 

Since this paper a number of authors 
have suggested that a low fiber intake may 
be a contributory factor in the etiology of 
many of the diseases common to Western 
civilized man. Critical examination of the 
actual evidence available suggests that some 
of these associations are not very close- 
but does indicate that the role of these 
dietary components warrants more 
thorough investigation. 

One of the early difficulties in the in- 
terpretation of the dietary data was one of 
terminology combined with the use of 
crude fiber values. These are unreliable esti- 
mates of the indigestible plant material in 
the diet^ and considerably underestimate 
the structural plant polysaccharides which 
are not digested by the secretions of the 
human digestive tract."^ The term dietary 
fiber^ was suggested as a term to cover all 


the indigestible structural plant matter in 
the diet. 

The precise way in which the dietary 
fiber exerts its protective effects are uncer- r' 
tain. Unquestionably it provides bulk in the 
large intestine and leads to the production 
of a larger stool volume which is usually 
moister than on a low dietary fiber diet. 

A large number of clinical trials under- 
taken with the intention of studying the 
role of dietary fiber have used wheat bran 
as the source of dietary fiber and in some 
respects at least, conflicting results have 
been obtained. 

In a recent paper® evidence has been 
produced that the physical state and parti- 
cle size of the bran used have a profound 
influence on its colonic function. This 
paper also points to some of the defic- 
iencies of current thinking in this area. 

The study involved two groups of 
patients before and after consuming 10 g of 
bran twice daily for four weeks. One group 
took a coarse preparation with particles 
greater than 1 mm in diameter, the other a 
fine bran obtained by sieving a wholemeal 
flour. This bran passed entirely through a 
1 mm sieve and also contained a higher 
proportion of starchy endosperm. 

The nine subjects having the coarse bran 
all had proven diverticular disease and of 
the five having the fine bran three had 
diverticular disease and two had a non- 
specific constipation with occasional ab- 
dominal pain. Colonic mobility was 
measured using open-ended tubes and 
transit time using radio-opaque pellets in 
coarse bran group, and with a radio-isotope 
capsule in the fine bran group. The 
measurements were made before treatment 
and after four weeks on the appropriate 


70 NUTRITION REVIEWS/VOL 33, NO. 3/MARCH 1975 



bran. Four patients treated with the fine 
bran initially were also studied after four 
weeks treatment with the coarse bran. 

The basal motility index was lowered in 
the coarse bran group but not significantly, 
although when measured after food there 
was a significant lowering. The transit time 
was also significantly reduced. In the fine 
bran patients all the motility indices were 
reduced and the transit times fell but these 
changes were not significant. Comparative 
statistical analysis indicated that there was 
a significant difference between the effects 
of the two brans on motility after food and 
after treatment with neostigmine. In the 
patients who were tested on the coarse 
bran after the initial treatment with fine 
bran a similar type of effect was observed. 

in addition to particle size the two bran 
preparations differed in other charac- 
teristics. Their moisture and protein con- 
tents were quite similar but the coarse bran 
contained 15.1 percent acid-detergent fiber 
compared with 9.65 percent in the fine 
bran and the lignin contents were 4.1 and 
2.63 percent respectively. The brans also 
differed in their capacity to absorb water 
by a factor of nearly 3 to 1 and had slightly 
different cation exchange properties. When 
the coarse bran was milled to pass a 1 mm 
sieve the water-binding capacity of the 
coarse bran was reduced from 6.15 to 
3.54 g per gram and that of the fine bran 
was reduced on remilling from 2.63 to 
2.16 g per gram. 

The authors, in their examination of 
these results, express some surprise at the 
difference in effect of the two brans on 
bowel function. One of the known bene- 
ficial effects of bran is probably due to its 
water-holding properties which are believed 
to be responsible for the soft, bulky, easily 
passed stools. These authors suggest that 
the water-binding properties of the dietary 
fiber components in the bran appear to 
depend on the physical state and size of the 
plant structural material in the bran. The in 
vitro measurements show' very clearly that 
the two brans possessed different water- 
binding properties and that milling had a 
profound effect in reducing this water- 


binding even in the fine bran. They con- 
clude that the particle size of the bran 
preparations may be more important in its 
effects on bowel function than the actual 
amount of dietary fiber it provides. 

A more detailed examination of this 
paper is, however, of interest because it 
raises some important points regarding 
studies of dietary fiber. 

The groups of patients which were com- 
pared were not matched very closely, 
which may be inevitable in such clinical 
studies, and the variance in the transit 
times observed in the two groups was very 
different. 

The amounts of acid detergent fiber fed 
to the patients were also quite different. 
The patients on the coarse bran received 
over 3.0 g per day compared with 1.9 g per 
day in the fine bran group. 

Bran contains a considerable amount of 
hemicelluloses which are not measured in 
the acid-detergent-fiber procedure, so these 
values underestimate total dietary fiber 
intakes although probably proportionately 
in the two groups. It is therefore difficult 
to ascribe the differences in colonic 
behavior to particle size alone as the 
patients receiving coarse bran had nearly 50 
percent more dietary fiber. 

The efficacy of the structural plant 
polysaccharides in binding water in the 
large intestine depends on a number of fac- 
tors of which the physical structure of the 
material is obviously one; another factor 
which must be equally important is the 
resistance of the polysaccharide to bacterial 
degradation. This is an area where there is a 
great deal of work to be done. It is known 
that in the ruminant^ the physical nature 
and pretreatment of the structural 
materials influence their degradation by the 
rumen microflora. Milling may increase the 
susceptibility of the plant cell wall material 
by exposing more surfaces to bacterial 
action and this may in itself reduce the 
capacity of the polysaccharides to bind 
water in the large intestine. The in vitro 
characterization of the water-binding 
properties of foods may well be correlated 
with water-binding in the large intestine 
but this has not yet been demonstrated. 
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An understanding of the true role of 
dietary fiber in human nutrition and 
disease depends on the integration of 
knowledge from a number of disciplines 
and it is important in clinical studies of the 
kind made by W. 0. Kirwan et al.^ that 
very careful control of the source, and 
chemical and physical nature of the dietary 
fiber fed is exercised. This must also be 
accompanied by the development of a 
more detailed understanding of the 
metabolism of these complex plant 
polymers in the large intestine itself. □ 
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EFFECTS OF DIET ON BILIARY LIPID 
SECRETION AND BILE COMPOSITION 

Changes in the nature of the dietary fat have important effects upon the 
composition and iithogenicity of bile. 


Key Words: cholesterol, bile, phospholipids, gall- 
stones, dietary fat 

Gallstones in the United States and in 
Europe are predominantly cholesterol. A 
prerequisite for cholesterol stone formation 
is for the bile to contain a higher concen- 
tration of cholesterol than the combined 
solubilizing effects of bile salts and lecithin. 
This supersaturated bile is commonly re- 
ferred to as lithogenic bile. Factors which 
modify the relative rate of excretion of any 
of these three components would either 
promote cholesterol stone formation or 
prevent such formation. 

L. DenBesten and her co-workers^ 
measured the composition of bile in 14 
subjects undergoing dietary manipulation. 
Ten were normal men, three were patients 
studied after a cholecystectomy, and one 
had type II hypercholesterolemia. Bile 
samples were obtained by duodenal intuba- 
tion except for the patients after chole- 
cystectomy who had an occlusive tube in 
the common bile duct permitting either 
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sampling or passage of bile into the 
duodenum. 

The diet was cholesterol free eucaloric 
formula made up with casein as 15 percent 
total calories, carbohydrate 45 percent (20 
percent cornstarch, 26 percent dextramal- 
tose, 44 percent sucrose), and fat 40 per- 
cent. Vitamin and minerals were added. 
Cholesterol was substituted for fat and 
protein and added in the form of egg yolk 
to the level of 750 mg daily. Each diet was 
fed in random order for 21 days and then 
single samples of bile taken for analysis. 
Each subject received at least one cho- 
lesterol free and one cholesterol period. 

In the normal subjects, cholesterol feed- 
ing was associated with a significant rise in 
the percent of total moles as cholesterol 
from 8.05 ± 0.62 to 10.88 ±0.95 (mean 
and SE) and of phospholipid from 
24.16 ± 1.78 to 30.35 ± 2.62 whereas bile 
acid decreased from 68.32 ±1.92 to 
58.7 ± 3.39. The individual bile acids 
making up the total were measured but 


showed no significant differences. Similar 
changes were found in several studies on 
the hypercholesterolemic patient. In the 
patients with T tubes permitting total bile 
^ collection following cholecystectomy the 
increased cholesterol output was 34.3 per- 
cent or 222 mg cholesterol. The increase in 
phospholipids was 29.6 percent and total 
bile acid secretion rose in these patients by 
20.6 percent. The total effect of 750 mg of 
additional cholesterol in the diet was a 
significant elevation in both absolute and 
' mole percent of cholesterol in the bile in all 
• subjects. Four of the ten normal subjects 
/ converted bile from nonlithogenic to litho- 
genic by the single sample obtained. There 
was wide variation from individual to indi- 
vidual in the magnitude of changes pro- 
duced by the increased cholesterol in the 
diet. 

A closely related study was conducted 
by R.N. Redinger and his co-workers^ in 
the rhesus monkey. The biliary flow was 
i diverted externally through a stream 
! splitter such that a constant 5 percent of all 
flow could be saved for analysis and the 
majority constantly returned to the 
duodenum. Monkeys were maintained on a 
! chow diet or diets in which 30 percent of 
' the calories were administered as safflower 
; oil, triolein, or tricaprylin or an isocaloric 
fat-free diet. Diets were fed for two to 
three weeks to obtain steady state condi- 
tions before bile samples were obtained. 
Bile was analyzed as 5 percent of the total 
bile produced in 24 hours. Safflower oil 
and triolein increased bile flow over control 
significantly (from approximately 200 on 
control to 250 ml per 24 hours) and both 
diets increased bile salt secretion approxi- 
mately 50 percent. Lecithin excretion 
increased with both diets; cholesterol secre- 
tion was variable on the safflower oil but 
increased from 0.160 to 0.284 moles per 
24 hours on triolein. Tricaprylin feeding 
>5?^ was not associated with a significant change 
in bile flow, but resulted in a significant 
decrease in bile salt secretion. Cholesterol 
secretion was significantly decreased by 
tricaprylin in the diet. The fat-free diet 
decreased bile salt secretion significantly 
but did not significantly alter bile flow or 


cholesterol secretion. Fasting for periods 
up to six days produced a progressive fall in 
bile flow and bile salt secretion rates with a 
less striking but similar change in phospho- 
lipid and cholesterol secretion. 

These various diets did not produce 
lithogenic bile but both tricaprylin and fat- 
free diet resulted in a decrease in the rela- 
tive proportion of cholesterol in the bile. 
Fasting produced a relative decrease in bile 
salt but at no time was this sufficient to 
make the bile lithogenic. The model readily 
permitted the measurement of the bile salt 
synthesis rate. Long chain triglycerides 
increased the bile salt synthesis over the 
controls, over tricaprylin, over the fat-free 
diet, and over fasting. Compared with the 
control diet bile salt synthesis was de- 
creased in the tricaprylin diet, the fat-free 
diet, and during fasting. 

These two studies are remarkably similar 
between man and the rhesus monkey. 
Clearly dietary lipid composition influences 
the total composition of bile. In general a 
high lipid diet (of chain length greater than 
C-8) increases cholesterol, phospholipid, and 
bile salt excretion and a low lipid diet 
diminishes all components. Cholesterol in 
the diet is reflected similarly by all com- 
ponents of bile increasing. These com- 
ponents, however, do not change propor- 
tionately and high cholesterol diets in man 
are associated with a greater frequency of 
lithogenic bile. 

The importance of dietary lipid, yet the 
difficulty in establishing how important 
these changes would be over many years, is 
beautifully reflected in an autopsy follow- 
up of the diet study of R. A. Sturdevant 
and his co-workers.^ Several thousand 
males were followed carefully during up to 
five years of ingesting a normal hospital 
diet or predominantly a cholesterol- 
lowering diet consisting of polyunsaturated 
fat and low cholesterol intake. A careful 
examination of the 72 patients who came 
to autopsy from the cholesterol-lowering 
diet indicated 34 percent had cholesterol 
gallstones whereas only 14 percent of the 
89 patients autopsied from the control diet 
had them. Furthermore, there was a highly 
positive correlation between the number of 
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meals taken of the cholesterol-lowering diet 
and the frequency of cholesterol gallstones. 
Thus all patients ingesting more than 250 
meals had increased gallstones, with greater 
than 1000 and greater than 2500 meals 
each providing a further increment in the 
probability of gallstones. These patients 
had lower serum cholesterol levels than did 
the control group indicating that the diets 
were highly effective. 

This study confirms the effect of diet on 
the composition of bile and the propensity 
to form gallstones. The rhesus monkey 
study does not give a clear prediction as to 
this occurrence suggesting that chronic 
studies in man and animal may be neces- 
sary. It is clear that the diet fed by Sturde- 


vant and co-workers created lithogenic bile 
and is an additional adverse effect to be 
held in concern. □ 
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WATER AND ELECTROLYTES IN MALNUTRITION 

Dermal and urinary losses of electrolytes are important therapeutic 
considerations in the rehabilitation of the malnourished child. A simple 
formula based on the use ofco w's milk is suggested for the treatment of 

these children. 


Key Words: potassium, electrolyte balance 
There is already considerable literature on 
electrolyte metabolism in infantile malnu- 
trition.^ The major elements which have 
been considered are potassium, sodium, 
and magnesium, although recently the 
effects of trace element deficiencies are 
also being studied. Most attention has been 
paid to potassium, and the methods used to 
study potassium metabolism have included 
balance studies, and whole body 

counting of K. Since muscle is the major 
store of body potassium, muscle biopsies 
have also been used to give a measure of 
the distribution of the changes in body 
potassium. As a result of these various 
approaches, it has been established that in 
the severely malnourished child body 
potassium is reduced but this need not be 
viewed as a true deficiency of potassium 
since the body's capacity to retain and 
store potassium is also reduced.^ 

It has been shown by B. L. Nichols and 
his group^ that if malnourished children 


are maintained on a low protein diet for a 
few days after admission, potassium reten- 
tion is small, and muscle potassium does 
not change. As the protein and energy con- 
tent of the diet are increased, however, the 
potassium retention also increases and 
muscle potassium rises to normal levels. 
More recently, the same workers concen- 
trated on balance measurements made 
during recovery, the route of loss of these 
electrolytes, and have tried to devise a 
simple formula which can be used in the 
rehabilitation of these children.'^ 

They have studied malnourished 
edematous children during the three phases 
of their hospitalization. In an initial test 
period, the diet provided 0.7 g of protein, 
and 80 calories per kilogram per day. This 
period they designated the "admission 
period", and it lasted approximately ten 
days. Thereafter, in the "therapeutic 
period", the diet was increased to 3 g of 
protein and 120 calories per kilogram per 
day. Throughout both periods KCI was 
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given as a supplement of 4 mEq per kilo- 
gram per day. Finally the children were 
studied on recovery. The major methods 
used were electrolyte balances and 
measurement of total body potassium by 
dilution; special attention was also 
paid to insensible water loss and the potas- 
sium content of the dermal losses. 

In the early admission period, the 
children were in negative sodium and 
nitrogen balance, but in positive potassium 
balance. There was a minor increase in total 
body potassium. During the therapeutic 
period, there was avid sodium and nitrogen 
retention and potassium retention con- 
tinued. Total body potassium continued to 
rise. Insensible water loss increased 
markedly from admission to the thera- 
peutic and recovery periods. Because the 
children invariably had diarrhea, the fecal 
loss in the admission period was considera- 
bly higher than in the other two periods. 
Predictably there was a significant correla- 
tion between the fecal mass and fecal 
potassium loss. The urine volume rose from 
admission to the therapeutic period, but 
fell to its lowest level at full recovery. This 
work documents for the first time that 
there can be significant dermal losses of 
potassium in malnourished and recovering 
children. It has been recorded previously 
that in children recovering from malnutri- 
tion there was considerable postprandial 
sweating. Earlier workers had regarded this 
as a characteristic of the nutritional re- 
covery syndrome. 

This study also points out that since 
renal concentrating ability is impaired, the 
urine volume becomes a function of solute 
load with consequent electrolyte losses. 
There is an impressive correlation between 
protein or nitrogen intake and urine 
volume. Another important point is made 
regarding brain potassium. It had been 
shown that in spite of potassium retention 
in the admission period, there is no change 
in muscle or liver potassium, which is in 
consonance with J. S. Garrow's earlier ob- 
servation.® He postulated that the potas- 
sium retention of this early period is 
probably a function of increasing brain 
potassium. 



The therapeutic implications discussed in 
this study are perhaps its most important 
aspect. In the admission period, there is a 
danger of salt and water overload because 
of renal functional impairment, as well as 
the danger of potassium depletion during 
gastrointestinal and renal losses. It is 
pointed out that if cow's milk were used 
alone, in order to achieve 100 calories per 
kilogram per day, then 1 50 ml per kilogram 
would have to be given, and this would 
provide 5.4 g of protein per kilogram. At 
this level of solute load, there would be a 
tremendous solute diuresis perhaps with 
dehydration. If a formula similar to human 
milk were used, this would provide ade- 
quate protein, but would give far more 
sodium than the infant could handle, and 
the potassium would be grossly inadequate. 
They recommend a modified milk formula 
consisting of a dilution of two parts of 
whole cow's milk with one part of a 15 
percent dextrimaltose solution containing 
1.5 percent KCI. This mixture would pro- 
vide adequate protein, calories, potassium, 
and sodium at a level which would not ; 

precipitate cardiac failure. Another im- 
portant point is that the full therapeutic 
diet should be introduced gradually in a f; 
step-wise manner. [ 

A major virtue of this study is that it 
suggests a simple therapeutic approach j: 

based on data obtained by careful balance ; 

studies and electrolyte measurements. A p 

few minor modifications could be j; 

suggested, such as the addition of mag- ■ 

nesium to the formula. It has been shown |, 

conclusively that malnourished children are | 

magnesium depleted,® and as a conse- S 

quence may have serious cardiac problems. H 

It must also be borne in mind that a gen- h 

eralized recommendation, such as the one [■ 

made in this study, will be suitable for the i: 

majority of children. The very ill, acidotic ’ 

malnourished infant with severe gastro- p 

enteritis who presents with edema as well ;■ 

as hyponatremia and potassium depletion ; 

will require the careful monitoring which 
can only be done in special units. The point ;; 

is always made, however, that if any serious j. 

attempt is made to rehabilitate mal- i 

nourished children, there has to be a simple I; 
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formula which can be used in any field sta- 
tion by any group of workers without 
sophisticated equipment or a great deal of 
scientific training. Perhaps each of the 
countries in which malnutrition is still 
endemic would be well advised to prepare 
some sort of simple manual which can be 
used empirically in the treatment of the 
majority of these ill children. This of 
course must go hand in hand with the ob- 
vious attempts at prevention and educa- 
tion, which need not nor cannot be re- 
viewed here. □ 
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GENU VALGUM DUE TO FLUORIDE TOXICITY 

Fluoride toxicity under certain circumstances can lead to osteoporosis and 
knock knee (genu valgum) besides the usual pathology of sclerosis of the bone 
and calcification of the soft tissues. In certain parts of south India 
where fiuorosis is endemic, genu valgum has appeared only in recent years 
and has become a major public health problem. Etiology of this 
modified picture of fluorosis is unknown. 


Key Words: fluorosis, sclerosis, osteoporosis 

The classical features of fluoride toxicity 
are dental mottling and skeletal manifesta- 
tions such as osteosclerosis and calcifica- 
, tion of ligaments, membranes, and 
I tendinous insertions. These lead to crip- 
/ / pling deformities such as kyphosis, stiffness 
of the spine, reduced mobility of the bony 
i| cage, and bony exostoses. 
j| Fluorosis has been known to be endemic 
j in certain parts of India such as Punjab and 

i| Uttar Pradesh in the north and Andhra 

II Pradesh and Tamil Nadu in the south. 

i| According to earlier reports, crippling 

|l skeletal changes due to sclerosis appear 

!■ primarily in adults after three to four 

■; decades of residence in the endemic area. 

The problem of fluorosis in south India 
seems to have acquired a new dimension in 
recent years. K.A.V.R. Krishnamachari and 
Kamala Krishnaswamy recently reported 


widespread prevalence of genu valgum 
(knock knee) in areas where fluorosis has 
been endemic.^ Apparently this path- 
ology is of recent origin because it was not 
reported earlier, and it is now only seen in 
subjects between the ages of 10 to 25 
years. The older population in the same 
area suffers from dental fluorosis and 
sclerotic skeletal changes, but not genu 
valgum. 

Unlike the other clinical features of 
fluorosis, this syndrome is seen only among 
the poor whose staple is sorghum (in some 
cases rice) and whose diet is lacking in 
other protective foods. The patients suffer 
from gross skeletal deformities of the lower 
limbs, severe physical, economic, and social 
handicaps, and are psychologically dis- 
tu rbed. 

Radiological examination revealed 
osteosclerosis and "bamboo spine" due to 
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calcification of the spinal ligaments. In all 
the subjects examined there was sclerosis of 
the humerus, scapulae ribs, radius, ulna, 
and pelvic bones together with calcification 
of muscular attachments. By contrast, the 
most striking radiological feature was 
severe osteoporosis of the lower end of the 
femur and the upper ends of the tibia and 
fibula and rarefaction of the metacarpal 
bones. Serum calcium/phosphorus and alka- 
line phosphatase were within normal levels. 
Clinical evidence of rickets was absent in 
children under five years of age, indicating 
that primary dietary deficiency of vitamin 
D is probably not a causative factor. 

An epidemiological survey of the 
affected villages revealed a prevalence rate 
of 1 to 17 percent with an average of 3.6 
percent. Males were predominantly 
affected with the ratio of afflicted males to 
females being 10:1. In most cases the de- 
formity of the lower limbs was reported to 
have set in at the age of six to seven years 
and slowly increased in severity by the age 
of 15 years. The onset was insidious and 
the progression slow. 

Presently, the etiology of this rare 
syndrome of fluoride toxicity is obscure. 
Analysis of the food grains grown in the 
endemic area revealed a higher concentra- 
tion of molybdenum.^ In view of the 
molybdenum-copper interrelationship and 
the role of copper in collagen synthesis, 
this observation needs further investigation. 
Dietary surveys indicate inadequate cal- 
cium intake (300 mg per day) in this com- 
munity. This is markedly lower than the 
calcium intake in endemic areas of north- 
ern India (900 to 1200 mg per day) where 
this syndrome has hitherto not been seen.^ 

A search for a recent ecological change 
which might have modified fluoride toxi- 
city, shows a correlation between the 
prevalence of genu valgum and the recent 
construction of dams in south India. Such 
dams may alter the soil mechanics and 
change the subsoil mineral composition. 


Apart from these recent reports from 
India, there is only one other report of 
genu valgum related to fluoride toxicity. In 
1962 W.P.U. Jackson® described osteo- 
porosis and knock knee in an isolated com- 
munity in a remote area of south Africa 
where fluorosis was endemic. The magni- 
tude of the problem was limited both in 
severity and extent. The disease was 
primarily seen in the black population, 
probably due to poorer economic status. 
The calcium content of the water was 
adequate. Since the village was vacated, the 
authors could not study the disease further. 
Interestingly, there is a dam (Rooiberg 
Dam) in the vicinity of this African 
village. □ 
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INTESTINAL BYPASS SURGERY FOR OBESITY 


Jejunoileostomy is an effective way of treating intractibie severe obesity 
and one that leads to marked subjective improvement. The hepatic lipid 
doubles in the postoperative period and the long term 
consequence of this is unknown. 


Key Words: obesity, jejuno-ileal bypass, hepatic 
lipid, psychosocial associations of obesity 

Previous reviews^ have dealt with some 
of the reports on the use of intestinal by- 
pass surgery for the treatment of massive 
obesity and the problems associated with 
this approach. Although the jejuno-ileal 
shunt has gained in favor over the jejuno- 
colic bypass originally employed, the re- 
ports of hepatic complications following 
this operation have been conflicting.^ R. T. 
Holzbach and his colleagues"^ studied this 
question by performing histologic and 
chemical analyses of liver samples from 
patients undergoing surgical treatment for 
obesity. There were 15 female and eight 
male patients ranging from 18 to 53 years 
of age, whose obesity expressed as a per- 
cent excess of their ideal body weight was 
80 to 230 percent. Prior to operation all 
were healthy although some had previously 
suffered from complications of obesity 
such as thrombophlebitis and pulmonary 
emboli. Dietary treatment had been 
attempted without success. All the patients 
underwent an end to end jejuno-ileal by- 
pass with 25 cm of jejunum and ileum in 
continuity. During the operation a wedge 
section of the liver was obtained. Needle 
biopsies were also taken five to 24 months 
after the operation. A small portion of each 
biopsy sample was fixed for histological 
examination. The remainder was analyzed 
chemically for total lipid and triglyceride 
content. When possible total protein, 
phospholipids, and free and esterified 
cholesterol were also determined. Only 
three of the 23 patients had both histologic 
and chemical analyses of both the intra- 
operative and postoperative biopsy 
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samples, 11 had histologic examination 
only of both samples, and the remainder 
had histologic examination of the sample 
taken at operation but both types of analy- 
sis on the postoperative specimen. Histolog- 
ically the specimens were graded as mini- 
mal if thought to contain less than 10 
percent lipid, moderate for 10 to 50 per- 
cent, and marked if the fat content was 
greater than 50 percent, care being taken to 
minimize within and between observer bias. 

The operation had a dramatic effect on 
body weight, reducing the degree of 
obesity from a mean of 137 percent to 42 
percent. Chemical analysis of the liver 
biopsies showed that the mean triglyceride 
and total lipid concentration in 13 post- 
operative specimens were double the levels 
measured at operation (12 cases), being 
222 and 177 mg per gram liver respectively 
after the operation and 1 1 1 and 80 mg per 
gram at operation. Both levels of total lipid 
were, however, greater than that of four 
non-obese subjects in whom the mean total 
hepatic lipid concentration was 41.8 ±2.9 
mg per gram. The postoperative rise in total 
lipid and triglyceride was not shared by the 
phospholipid, free cholesterol, and cho- 
lesterol esters. In the normal subjects 
triglycerides made up 27.5 percent of the 
total lipids, whereas in the obese patients 
the range was from 22.5 to 98.9 percent. 
An important finding came from the com- 
parison of the triglyceride concentration 
measured chemically and a histological 
examination of the same specimen. Speci- 
mens with a similar mean triglyceride con- 
centration were classified equally as mild or 
moderately fatty by morphology but better 
correlation was observed in those speci- 
mens which were thought to show marked 
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fat deposition. The poor correlation 
between the morphological and chemical 
characteristics of the tissue may come as no 
surprise to the uncommitted reader. It does 
emphasize however, as was the authors' 
intent, the limited reliance that can be 
placed on histological results expressed 
semi-quantitatively. No histologic relation- 
ship was found between the deterioration 
in hepatic lipid status and the interval 
between operation and the postoperative 
biopsy sample. 

The authors claim, convincingly, to have 
shown a significant net hepatic fat accumu- 
lation as a result of the jejuno-ileal shunt 
operation and point out that the failure of 
other workers to demonstrate the same 
findings probably stems from the use of 
histologic assessment without careful 
standardization. The mechanism of the 
postoperative lipid accumulation has not 
yet been defined but in one of the 23 
patients there was a fall from marked fat 
infiltration seven months after operation to 
minimal infiltration at 20 months. The 
other patients will continue to be studied 
to see if a late improvement occurs in them 
also. 

In contrast with the possibly undesirable 
effects of bypass surgery on hepatic lipid, 
C. Solow and his colleagues^ report favora- 
bly on the psychosocial results of this form 
of treatment. They studied 32 consecutive 
obese patients treated by an end to side 
jejunoileostomy. One patient died on the 
fifth postoperative day from a pulmonary 
embolus and in two others sprue and 
ulcerative colitis developed which necessi- 
tated reanastomosis. The other 29 patients 
had a semi-structured psychiatric interview 
between one day and seven months before 
their operation, were followed in the hos- 
pital after the operation, and at six 
monthly intervals following discharge fora 
period of 26 to 46 months. A variety of 
psychiatric questionnaires and tests were 
performed during these interviews. The 
patients were 39 to 160 kg overweight, 
most having become so before the age of 
16 years. Their eating patterns varied 
widely and all had tried different forms of 


dietary treatment, without lasting success. 
Motivation for the operation was mixed in 
most cases but 11 sought surgery primarily 
because of somatic concern whereas the 
remainder were more upset by the psycho- 
social aspects of their obesity. Preoperative 
psychiatric assessment found 17 patients to 
be reasonably well-adjusted, but 12 to be 
abnormal. Psychiatric diagnoses comprised 
five cases of neurosis, four of personality 
disorder, and three with schizophrenia. 
Features common to most of the group 
were: loss of self-esteem, restriction of 
physical and social activity, severe distor- 
tion of body image, and strong fear of 
rejection with associated compulsions to 
please others and difficulty in self- 
assertion. 

In three subjects the weight loss after 
surgery was unsatisfactory (4.5 to 15 kg), 
in some the weight loss fulfilled preopera- 
tive expectations but in the majority the 
result, although less than that desired, was 
regarded as substantial and gratifying. 
Weight loss occurred mainly in the first six 
months and weight stabilized up to 18 
months after surgery. In 27 patients 
diarrhea was troublesome during the period 
of weight loss, became less when their 
weight had stabilized, but seven remained 
persistently bothered by flatulence, ab- 
dominal distention, and diarrhea. Once 
over the operation 21 reported an improve- 
ment in energy and stamina and a distinct 
improvement in their previous physical 
disabilities. 

The investigators formed the general 
impression in their follow-up interviews of 
a surprising degree of improvement in 
psychosocial functioning. Loss of self- 
consciousness coupled with that in weight 
led to an increase in activity e.g. house- 
bound patients began to go out shopping. 
The psychological benefits were cumula- 
tive; as patients went out more they de- 
veloped more social contacts and their self- 
esteem improved. Body image, considered 
in emotional terms, changed from self- 
loathing to realistic acceptance in 23 
patients even when an appreciable degree 
of overweight persisted. 
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The most dramatic sensation in 12 
patients was that the operation had broken 
a vicious cycle and given them a feeling of 
escape from entrapment or unrelieved 
failure. The authors emphasize how much 
of psychological disturbance associated 
with obesity may stem from the obesity 
and its chronicity. The impact of surgical 
treatment was profound because it gave the 
patients their first experience of success 
over their condition. It remains to be seen, 
as with the physical sequelae of this 
approach to the treatment of obesity, 
whether the short term benefits are con- 
solidated over a longer period. If they are, a 
surgical approach may offer relief to many 
unhappy fat people. □ 
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THE INCIDENCE OF ALICAPTONURIA: 

A STUDY IN CHEMICAL INDI- 
VIDUALITY. 

By ARCHIBALD E. GARROD, M.A., M.D. OXON., 

F.R.C.P. LOND. 

Physician to the Hospital for Sick Children, Great Ormond- 
Street; Demonstrator of Chemical Pathology at 
St. Bartholomew's Hospital 

All the more recent work on alkaptonuria has tended to show that the 
constant feature of that condition is the excretion of homogentisic acid, to 
the presence of which substance the special properties of alkapton urine, 
the darkening with alkahes and on exposure to air, the power of staining 
fabrics deeply, and that of reducing metallic salts, are ahke due. In every 
case which has been fuUy investigated since Wolkow and Baumann^ first 
isolated and described tliis acid its presence has been demonstrated and 
re-examination of the material from some of the earlier cases also has led 
to its detection. 


Q O Q 

Lastly, Professor Osier supplies the very interesting information that of 
two sons of the alkaptonuric man previously described by Dr. Futcher^^ 
one is alkaptonuric. This is the first known instance of direct transmission 
of the peculiarity. The parents of the father, who has an alkaptonuric 
brother whose case was recorded by Marshall,^ were not blood relations. 
The above particulars are embodied with those of the congenital British 
cases previously recorded in the following tabular epitome (Table III.). 



TABLE IIL— 5'/zou7?]^ rhc large Proportion of Alkaptonurics v.'ho are the 
Offspring of Marriage of First Cousins. 



Families the offspring 

A. 

of marriages of tlrst cousins. 



Total 

Number of known 


No. 

number of 

alkaptonuric 

Observers. 


family. 

members. 


1 

14 

4 

PaNy. 

2 

4 


R. Kirk. 


5 


.A. E. Garrod. 

4 

j 

1 

Ericli Meyer. 

5 

S 

1 

H. Ogden. 

6 

4 

1 

Hammarsten. 

Total. . . 

36 

12 

- 


The question of the liability of children of consanguineous marriages to 
exliibit certain abnormalities or to develop certain diseases has been much 
discussed, but seldom in a strictly scientific spirit. Those who have written 
on the subject have too often aimed at demonstrating the deleterious 
results of such unions on the one hand, or their harmlessness on the other, 
questions which do not here concern us at all. There is no reason to 
suppose that mere consanguinity of parents can originate such a condition 
as alkaptonuria in their offspring, and we must rather seek an e.xplanation 
in some peculiarity of the parents, which may remain latent for genera- 
tions, but which has the best chance of asserting itself in the offspring of 
the uition of two members of a family in which it is transmitted. Tiiis 
applies equally to otlier e.xamples of that peculiar form of herediu* wliich 
has long been a puzzle to investigators of such subjects, wliich results in 
the appearance in several collateral members of a family of a peculiarity 
which has not been manifested at least in recent preceding generations. 

It has recently been pointed out by Bateson-^ that the law of heredity 
discovered by Mendel offers a reasonable account of such phenomena. It 
asserts that as regards two mutually exclusive characters, one of which 
tends to be dominant and the other recessive, cross-bred organisms will 
produce germinal cells (gametes) each of wliich, as regards the characters 
in question, conforms to one or other of the pure ancestral types and is 
therefore incapable of transmitting the opposite character. ^^TLen a re- 
cessive gamete meets one of the dominant type the resulting organism (the 
zygote) irill usually exhibit the dominant character, whereas when two 
recessive gametes meet the recessive character will necessarily be mani- 
fested in the zygote. In the case of a rare recessive characteristic we may 
easily imagine that many generations may pass before the union of two 
recessive gametes takes place. The application of tliis to the case in ques- 
tion is further pointed out by Bateson, who, commenting upon the above 
obsen*ations on the incidence of alkaptonuria, writes as follows:^ ^ “Now 
there may be other accounts possible, but we note that the mating of first 
cousins gives exactly the conditions most likely to enable a rare, and 
usually recessive, character to show itself. If the bearer of such a gamete 
mate with individuals not bearing it the character wiQ hardly ever be seen: 
but first cousins will frequently be the bearers of similar gametes, which 
may in such unions meet each other and thus lead to the manifestation of 
the peculiar recessive character in the zygote.'' Such an e.xplaiiarion re- 
moves the question altogether out of the range of prejudice, for if it be the 
true account of the matter it is not the mating of first cousins in general 
but of those who come of particular stocks that tends to induce the 
development of alkaptonuria in the offspring. For example, if a man in- 
herit the tendency on his father's side his union with one of liis maternal 


first cousins will be no more liable to result in alkaptonuric offspring than 
Ills marriage with one who is in no way related to liim by blood. On the 
other hand, if members of two families who both inlierit the strain should 
intermarry' the liability to alkaptonuria in the offspring will be as great as 
from the union of two members of either family, and it is only to be 
expected that the peculiarity wUl also manifest itself in the cliildren of 
parents who are not related. Wi ether the Mendelian explanation be the 
tnie one or no there seems to be httle room for doubt that the pecu- 
liarities of the incidence of alkaptonuria and of conditions which appear in 
a similar way are best explained by supposing that, leaving aside excep- 
tional cases in which the character, usually recessive, assumes dominance, a 
peculiarity of the gametes of both parents is necessary^ for its production. 

O O d 

A third condition which suggests itself as being probably^ another 
chemical ‘‘sport” is cystinuria. Our knowledge of its incidence is far more 
incomplete and at first sight direct inheritance appears to play^ here a more 
prominent part. However, when more information is forthcoming it may^ 
turn out that it is controlled by similar laws. 

o o o 

If it be, indeed, the case that in alkaptonuria and the other conditions 
mentioned we are dealing with individualities of metabolism and not with 
the results of morbid processes the thought naturally^ presents itself that 
these are merely' extreme examples of variations of chemical behaviour 
wliich are probably every^where present in minor degrees and that just as 
no two individuals of a species are absolutely^ identical in bodily structure 
neither are their chemical processes carried out on exactly" the same lines. 
Such minor chemical differences will obviously" be far more subtle than 
those of form, for wiiereas the latter are evident to any careful obser\"er 
the former will only be revealed by elaborate chemical methods, including 
painstaking comparisons of the intake and output of the organism. This 
\iew that there is no rigid uniformity of chemical processes ia the indi- 
vidual members of a species, probable as it is g priori, may also be arrived 
at by a wholly different line of argument. There can be no question that 
between the families, genera and species both of the animal and vegetable 
kingdoms, differences exist both of chemical composition and of meta- 
bolic processes. 


o o o 

If it be a correct inference from the available facts that the individuals 
of a species do not conform to an absolutely rigid standard of metabolism, 
but differ shghtly in their chemistry" as they" do in their structure, it is no 
more surprising that they" should occasionally" exliibit conspicuous devia- 
tions from the specific type of metabolism tlian that we should meet with 
such wide departures from the structural uniformity of the species as the 
presence of supernumerary digits or transposition of the wscera. 


EXPERIMENTAL NUTRITION 


CALCIUM TRANSPORT IN THE ILEUM 

The ileum responds to dietary calcium; high levels induce an increase in 
movement from tissue to gut lumen producing net secretion; low levels induce 
an increase in movement from lumen to blood producing net absorption. 


Key Words: ileum, mucosa, serosa, calcium secre- 
tion, calcium absorption 

Substantial amounts of calcium are se- 
creted into the gut. Although most studies 
have emphasized the control of calcium 
absorption from the gut, it is clear that the 
reverse process, calcium secretion, might 
represent a means by which the total body 
calcium is controlled.^ To determine how 
this process works, the unidirectional 
movements of calcium in the ileum from 
lumen to blood and from blood to the 
lumen were studied in adult and growing 
rats fed high (HCD) and low (LCD) calcium 
diets. - 

A group of 85 rats weighing between 75 
to 95 g were randomized by weight. One 
group was fed the LCD, 0.02 percent 
calcium and 0.5 percent phosphorus; the 
other group was fed the HCD, 2.0 percent 
calcium and 0.5 percent phosphorus by 
weight. The movement of calcium was 
studied in vitro using an Ussing type 
apparatus and radioactive calcium. 

The animals were raised on the diets for 
15 weeks. After seven weeks, the LCD 
group demonstrated a significant reduction 
in grov\fth rate remaining below that of the 
HCD group for the remainder of the study. 
At three, five, and 15 weeks the HCD 
group showed consistent secretion of 
calcium into the lumen of the ileum. It was 
concluded that secretion was active since 
the calcium flux could not be accounted 
for by passive forces. The secretion 
appeared to be a part of a gradual increase 
(over the three to 15 week period) of the 
movement of calcium from the serosal 
bathing media to the mucosal bathing 
media. Although a gradual increase in the 


movement from the mucosa to the serosa 
occurred, the increase in serosal to mucosal 
movement was higher, always resulting in a 
net secretion of calcium. On the other 
hand, the LCD group showed essentially 
similar rates in both unidirectional move- 
ments of calcium after three and 15 weeks. 
There was no absorption or secretion. At 
five weeks, however, absorption of calcium 
was demonstrated. Blood concentrations of 
phosphorus were similar in both groups; 
magnesium, however, was much higher in 
the LCD group. Blood calcium tended to 
be lower in the LCD group. Blood calcium 
increased in both groups of rats during the 
15 week period of study. The increase was 
negatively correlated with the weekly 
change in weight (r = -0.97). 

Duodenal transport of calcium was also 
studied in the HCD animals. It was found 
that the duodenum did not behave like the 
ileum. Absorption of calcium occurred 
despite the HCD diet. The movement of 
calcium from the serosa to the mucosal 
solution was three-fold less in the duo- 
denum than in the ileum. Since the re- 
sistance, measured electrically across the 
full thickness of the gut, was much less in 
the ileum, it was concluded that a larger 
diffusion pathway was present in the ileum. 
This conclusion did not appear to support 
the authors' previous interpretation of the 
data, however, in which serosal to mucosal 
flux was considered active. 

Movement of calcium from mucosa to 
serosa and from serosa to mucosa increased 
as the concentration of calcium in the 
serosal or mucosal bathing solutions in- 
creased. The movement from serosal to 
mucosal solutions, however, appeared 
much more sensitive to ionic calcium; in- 
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creasing 100-fold versus a 30-fold increase 
in the opposite direction when bathing 
solution concentrations were increased 
from 0.125 to 10 mM. This differential 
effect of calcium in the bathing solution 
resulted in secretion of calcium in all ex- 
periments except at the 0.125 mM concen- 
tration in which absorption was noted. 

Thus, higher concentrations of media 
calcium favored the unidirectional move- 
ment of calcium from serosal to mucosa 
and produced net secretion. How this re- 
lated to in vivo conditions is not clear. 
Probably the HCD diets result in absorp- 
tion in the duodenum but this increases the 
calcium concentration in the blood which 
may stimulate an increase in ileal move- 
ment from blood to gut lumen. The net 
calcium balance would thus be related to 
the proportional changes in the two 
opposing processes. 


The feeding of low or high calcium diets 
may, of course, influence a variety of 
factors or processes, such as the levels of 
parathyroid hormone, skeletal growth, 
calcmm transport, protein, etc. The inte- 
gration of these systems is not understood. 
The studies do show, however, that the 
level of dietary calcium or the level of body 
calcium may trigger either calcium secre- 
tion or calcium absorption in the ileum. 
This apparently provides an additional con- 
trolling mechanism to allow adaptation to 
different levels of dietary calcium. □ 

1. M. W. Walling and D. V. Kimberg; Active 
Secretion of Calcium by Adult Rat Ileum and 
Jejunum In Vitro. Am. J. Physiol. 225: 
41 5-422, 1 973 

2. IVl. W. Walling and D. V. Kimberg: Calcium 
Absorption or Secretion by Rat Ileum In 
Vitro: Effects of Dietary Calcium Intake. Am. 
J. Physiol. 226: 1124-1130, 1974 


EFFECT OF VITAMIN DEPRIVATION ON CoA INTERMEDIATES 
RELATED TO PROPIONATE METABOLISM " TTs 

Propiony! CoA is carboxylated to methylmafonyl CoA, which forms succinyi CoA ^ 
in a coenzyme ^-dependent mutase reaction. However, the level of 

propiony! CoA increases more than methyfmafony! CoA in the liver of 
8^2 deficient rats, and an increase rather than decrease in succinyi 
CoA occurs. Maiate increases while citrate remains normal. 




Key Words: vitamin coenzyme A inter- 

mediates, propionate metabolism 

A portion of the propionyl CoA, derived 
from oxidation of odd-numbered fatty 
acids and from catabolism of such com- 
pounds as isoleucine, can be converted to 
one isomer of methylmalonyl CoA in a 
reaction catalyzed by a biotin-dependent 
carboxylase.^ After an enzyme-catalyzed 
racemization,^’^ most of the second isomer 
of methylmalonyl CoA is normally con- 
verted to succinyi CoA in a vitamin 
coenzyme-dependent mutase reaction.'^ 
The presence of tissue deacylase® allows a 
fraction of the CoA esters to be hydro- 
lyzed, so that both propionic and methyl- 
malonic acidurias occur in experimental 


and clinical deprivation of in animals 
and man.^ Also, because of the block in 
methylmalonyl CoA mutase in B^^g 
ficiency, an increased fraction of propionyl 
CoA is channeled toward synthesis of odd- 
chain fatty acids,® which accumulate in the 
myelin of peripheral nerves.® 

Although the function of B 3^2 "^^he 

metabolism of methylmalonyl CoA had 
been established at the enzyme level and 
some of the major sequellae resulting from 
insufficient mutase activity recognized, the 
actual levels of methylmalonyl CoA and its 
precursor and product present in the tissues 
of a animal had not been 

measured. E. P. Frenkel et al. have now 
determined the levels of such CoA inter- 
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mediates associated with propionate 
metabolism in the livers of normal and 

2 "deficient rats.^ ° 

Rats were maintained on rat chow which 
contained 9 jug of ^ P®*" pound, or a vita- 
min B^ ^'deficient mix which was without 
added B^^ ^od contained 0.05 percent 
iodinated casein. A third group of animals 
was given the B^ ^'deficient diet but supple- 
mented with B ^2 by intramuscular in- 
jection of 100 jug of cyanocobalamin given 
three times a week for two weeks before 
sacrifice. Development of the B^^ 2 "deficient 
state in rats not given the vitamin required 
approximately eight months and was 
serially evaluated by the decrease in serum 
B ;^2 levels and increase in propionic and 
methylmalonic acidurias. The spleen and 
liver contents of vitamin 8^2 were also 
markedly decreased in the B^ 2 -deficient 
rats, and liver weights, as well as the ratio 
of the weight of this organ compared to 
total body weight, was increased. In all 
cases except liver and body weights, the 
findings with the Big-supplemented ani- 
mals were similar to the controls that had 
received the vitamin admixed with the diet. 

To assess the levels of CoA intermediates 
in liver under conditions that would reflect 
in vivo content, animals were stunned by a 
blow on the head, and a portion of the 
liver was rapidly freeze-clamped in situ. 
The frozen tissue was transferred into 
liquid nitrogen and pulverized in a pre- 
chilled mortar. Aliquots of the supernatant 
solutions obtained by centrifuging 
perchlorate-treated homogenates were 
assayed for CoA derivatives with and with- 
out addition of standards. Propionyl CoA 
was determined in neutralized extracts by 
carboxylating with H ^'^CO' and propionyl 
CoA carboxylase to determine ^"^C in- 
corporated. Succinyl CoA was measured by 
releasing reduced CoA with succinate 
thiokinase and arsenate and spectro- 
photometrically determining the sulfhydryl 
group by reaction with 5,5'-dithiobis 
(2-nitrobenzoic acid). Methylmalonyl CoA 
was determined by coupling the assay for 
succinyl CoA with a preparation of methyl- 
malonyl CoA mutase, which also contained 
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the racemase. Methylmalonyl CoA content 
was then calculated to be the amount 
above that determined for succinyl CoA 
alone. Acetyl CoA was determined with 
citrate synthase and oxalacetate by again 
spectrophotometrically measuring the re- 
lease of reduced CoA by its color reaction 
with the thionitrobenzoate reagent. Citrate 
and malate were quantitated by spectro- 
photometric assays of pyridine nucleotides 
in systems using citrate lyase plus malate 
dehydrogenase and malic enzyme, re- 
spectively. 

Frenkel et al.^° carefully delineated the 
specificities and characteristics of the assay 
procedures used. The investigators found 
that mean propionyl CoA levels were 
17-fold greater in the livers of the B 12 - 
deprived group than in those of controls, 
that had received the vitamin either orally 
or by injection. Although methylmalonyl 
CoA was increased approximately 12-fold 
in Bi 2 deficiency, the finding that the level 
of this substrate of the coenzyme B^ 2 - 
dependent mutase was less elevated than its 
precursor was somewhat surprising. Also, it 
was expected that the level of the product 
of the methylmalonyl CoA mutase reac- 
tion, succinyl CoA, would be reduced in 
the livers of B^ 2 -deprived animals, yet the 
opposite was found. The concentration of 
succinyl CoA was determined to be nearly 
four-fold higher. This was shown not be an 
artifact of tissue handling, such as could 
conceivably occur if its stability were sig- 
nificantly greater than propionyl CoA or 
methylmalonyl CoA in the time interval 
necessary to freeze the liver in situ. 

A reciprocal relationship was found 
between the liver vitamin B ;^2 values and 
those for the levels of propionyl and 
methylmalonyl CoA. Propionyl CoA in- 
creased markedly above the normal range 
(3 to 5 nmoles per gram) when B^g vvas 
determined to be less than 40 ng per gram 
of liver, which is about 30 percent of the 
normal 8^2 level. Methylmalonyl CoA ex- 
hibited a similar increase from normal 
levels of almost 5 nmoles per gram when 
the B ^2 content fell below 30 ng per gram 
of liver. 


Levels of acetyl Co A were found to be 
almost twice as great in 2 'deficient as 
compared to control animals. Moreover, 
the concentration of malate was deter- 
mined to be approximately two-fold 
greater in liver extracts from 2-deficient 
animals, while the citrate level was not 
significantly different than that found in 
the controls. 

The interesting and somewhat surprising 
findings of Frenkel et al.^° that there are 
such increases in the CoA intermediates 
following and even preceding methyl- 
malonyl CoA in the mutase step dependent 
upon cannot be explained at present. 
Some of the possible causes, however, have 
been suggested. Explanations for the higher 
than expected increase in propionyl CoA 
may include the known reversibility of the 
carboxylase reaction, which is influenced 
by the relative mitochondrial levels of ATP, 
A DP, inorganic phosphate, and bicar- 
bonate, as well as methylmalonyl CoA.^^ 
Further, there may be a relatively in- 
efficient deacylation of propionyl CoA 
where the concentration of L-carnitine is 
not sufficient to handle the increase in 
propionate utilization. It is known that 
methylmalonyl CoA disappears as rapidly 
in tissue homogenates from B^ 2'deficient 
as from normal rats.® This may be related 
to a deacylation mechanism that is more 
efficient for methylmalonyl CoA than for 
propionyl CoA. A possible explanation for 
increased malate is that the high propionyl 
CoA, and maybe even succinyl CoA, in- 
hibits citrate synthase, causing a decrease in 
Krebs cycle activity. This might even 
explain the increase in succinyl CoA, which 
would not be catabolized as efficiently but 
would continue to be formed from gluta- 
mate via alpha-ketoglutarate. Again, 
though, experimental evidence is lacking. □ 
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THYROID FUNCTION IN EXPERIMENTAL AND 
CLINICAL UNDERNUTRITION 


Thyroidal activity is depressed in both clinical and experimental 
undernutrition probably due to hyposecretion of hypothalamic 
thyroid-reieasing hormone. 


Key Words; thyroid function, thyroid-stimulating 
hormone, thyroxine, thyrotropin-releasing hor- 
mone, caloric deprivation, neonatal rat, infantile 
malnutrition 

A recent revievy^ commented that there 
was general agreement from measurement 
of plasma hormone levels and metabolic 
rates that thyroidal function is depressed in 
malnutrition. A point of interest which 
remains unresolved is whether thyroidal 
hormone secretion is depressed ab initio 
and so causes a low rate of oxygen con- 
sumption or whether there is depressed 
metabolism because of substrate lack which 
by a feedback mechanism causes inhibition 
of thyroidal function. The latter mecha- 
nism might act directly on the thyroid 
gland but could be manifest by the brain at 
adenohypophyseal or hypothalamic levels. 
The development of assays for thyrotropin 
(TSH) and thyrotropin-releasing hormone 
(TRH)^ have made it possible to investigate 
these hypotheses "directly. G. E. Sham- 
baugh III and J. F. Wilber^ chose the 
neonatal rat as the model for their experi- 
ments. Newborn rats were made hypo- 
thyroid by the addition of propyl 
thiouracil (PTU) to their mothers' drinking 
water from day 19 of pregnancy onwards. 
Other animals were deprived of milk by 
being removed from the mother for 16 out 
of each 24 hours. Control animals were 
allowed to feed continuously. 

The effects of these treatments were 
assessed by measurement of the total body 
weight of the pups, the weight of both 
kidneys, and the weight of the gastro- 
cnemius-plantaris muscle group. Prenatal 
exposure to PTU for two days had no 
effect on these three weights. The pups 
made hypothyroid by suckling from PTU 

88 NUTRITION REVIEWS/VOL 33, NO. 3/ MARCH 1975 


treated mothers also did not show a signifi- 
cant alteration in weight at four or eight 
days but were approximately 25 percent 
lighter in all three measurements by 16 
days. The nutritionally deprived animals 
were more severely affected, showing sig- 
nificant reductions in all three weights 
from the fourth day, and by the sixteenth 
postnatal day being between 25 to 33 per- 
cent the weight of the control animals. The 
authors did not attempt to document the 
growth retardation in cellular terms by 
either morphometric or chemical means. It 
would have been of interest to know if the 
addition of an antithyroid drug to the 
maternal drinking water had the same type 
of action as caloric deprivation. Also un- 
resolved are questions such as whether a 
PTU treated mother has as much milk as a 
control animal or if her offspring suckle as 
vigorously as normal pups. 

The effectiveness of the PTU treatment 
was estimated chemically by measurement 
of plasma TSH and thyroxine (T^) levels in 
the pups. On the fourth postnatal day the 
mean plasma TSH level in the experimental 
group was 31 mU per 100 ml compared to 
4.7 mU per 100 ml in the control group. 
This indicated that a deficiency of 
peripheral thyroid hormone was causing a 
positive feedback at the hypophyseal level. 
The mild nature of the hypothyroidism was 
evidenced by the fact that on the twelfth 
postnatal day the mean plasma T^ level of 
PTU treated pups was 3.6 jug per 100 ml 
which was 70 percent of that of the con- 
trols (5.1 jug per 100 ml). The plasma T^ 
level of the undernourished animals was 
very similar to that of the hypothyroid 
group being 3.4 pg per 100 ml on day 12 
but interestingly their plasma TSH level 


was also reduced being 4.9 nnU per 100 ml 
compared with 10.1 mU per 100 ml in the 
control group. The plasma TSH levels of 
the hypothyroid animals on day 12 are not 
reported, but presumably they remained 
higher than those of the controls. The pos- 
sibility that reduction in T^ levels might 
result from lowered plasma concentrations 
of thyroid hormone binding capacity was 
considered and excluded by the demonstra- 
tion that Tg resin tests gave a lower result 
using pooled plasma from the underfed 
animals than from controls. 

The low plasma TSH levels of underfed 
pups was investigated by incubating the 
pituitaries of underfed and control pups in 
vitro under control conditions and in the 
presence of 25 or 50 pg TRH per milliliter. 
TSH in the incubation medium was 
measured subsequently and TSH secretion 
was expressed as the difference between 
the release during a one hour incubation in 
the presence of TRH and that in the 
immediately preceding control hour. The 
weight of the pituitary from the underfed 
animals was approximately half that of the 
fed controls, being 0.37 ± 0.04 mg com- 
pared with 0.68 ± 0.08 mg. For this reason 
the in vitro incubations contained two ex- 
perimental or one control gland. 

TRH at 25 pg per milliliter concentra- 
tion caused a modest stimulation of TSH 
release but at 50 pg per milliliter the effect 
was much greater. The TSH response to 50 
pg TRH per milliliter was 2.8 U per milli- 
gram wet weight per hour from the control 
animals which was similar to that from the 
underfed, 2.6. It is impossible to calculate 
what increment above resting release rate 
this represented because of the method of 
presentation of results. The authors de- 
duced from this finding that the pituitaries 
of the underfed pups had the same capacity 
to release TSH as those from the control 
group. This must be viewed with reserve, 
however, until the nature of the pituitary 
weight reduction of the experimental group 
is more clearly defined. 

The finding of a normal capacity for 
TSH secretion in vitro led the authors to 
study next the hypothalamic TRH content. 


This was done by dissecting blocks of the 
brain which were bounded anteriorly by 
the optic chiasma, laterally by the hypo- 
thalamic sulci, posteriorly by the mamillary 
bodies, and which extended 4 mm dorsally 
from the ventral surface of the median 
eminence. TRH was extracted from the 
block with methanol and the hypothalamic 
protein content was also measured. The 
hypothalamic TRH content of the control 
pups increased five-fold by the sixteenth 
day of postnatal life when the mean value 
was 2.68 ng. In the underfed pups the level 
was significantly less from day eight on- 
wards whether expressed per hypothalamus 
or per milligram of hypothalamic protein. 
This last observation demonstrated that the 
TRH concentration was not reduced be- 
cause of less total hypothalamic mass or a 
nonspecific reduction of protein synthesis. 

The findings of Shambaugh and Wilber 
are noteworthy because they provide the 
first direct evidence for a cerebral origin of 
the hypothyroidism that accompanies 
undernutrition. The mechanism by which 
reduced TRH formation and presumably 
secretion occurs awaits further study. It is 
interesting, however, to observe that the 
modest hypothyroidism of the PTU treated 
pups which produced similar T 4 levels to 
that of the underfed animals resulted in a 
much smaller deficit in weight gain. 
Further work should also make it possible 
to state with confidence if this weight 
deficit is directly due to low circulating 
levels of T 4 or other experimental varia- 
bles. 

A recent detailed clinical study'^ of 
thyroidal function in malnourished infants 
covers some of the same ground as the rat 
work and it is worthwhile to consider the 
two studies together. The children were of 
Mestizo origin from Peru. Six males with 
marasmus were studied within 24 hours of 
hospital admission at the age of five to ten 
months; five were studied again following 
partial rehabilitation of 24 to 76 days with 
a balanced diet of 125 to 175 kcal per kilo- 
gram per day; the sixth dying from 
septicemia. All were examples of severe 
marasmus with normal serum protein 
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levels. Blood was collected after an over- 
night fast the day after admission and just 
prior to discharge. The serum concen- 
trations of T4, free T4 (FT4), thyroxine 
binding globulin (TBG), thyroxin binding 
pre-albumin (TBPA), and TSH concentra- 
tion were measured on stored frozen 
samples. Control values were obtained from 
a group of 13 male siblings who were ad- 
mitted to the hospital in good health be- 
fore the age of three months and stayed up 
to two years, growing normally. Twenty- 
seven blood samples taken from these 
children at the ages of three to 40 months 
were used to construct curves of normal 
serum thyroid hormone ranges. This was 
important as normal thyroid hormone con- 
centrations change markedly as a function 
of age in the early months of life,^ T4 in 
particular falling with increasing age. On 
admission the marasmic children had a 
mean serum T4 level of 9.5 /ng per 100 ml 
which was significantly less than that of 
controls of comparable age of height (12.3 
jug per 100 ml). Serum TBG, TBPA, and 
FT4 levels were not significantly different 
from those of controls and all but one of 
the TSH values were below the sensitivity 
of the assay. No remarkable differences 
were noted following recovery. 

Seven children with marasmic kwashior- 
kor were studied similarly. They were 
stunted and had the classical features of 
edema, hepatomegaly, skin and hair 
changes. On admission they were hypo- 
proteinemic and anemic. Treatment in- 
cluded blood transfusion as well as nutri- 
tional rehabilitation. At the time of initial 
study they had low T4 and TBG levels and 
normal or high TBPA and FT4 levels. In 
four, the FT4 level was above the normal 
range. TSH levels were normal, being 
measurable in six. After 22 to 41 days 
treatment the TBG levels had returned to 
normal and T4 levels had risen but were 
still low. The TBPA values remained raised 
and the FT,^ fell to a significantly low 
mean. In five of the six in whom TSH had 
been detectable on admission there was a 
fall on recovery. 
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This study has confirmed the earlier 
report of F. Varga and B. Mess® who, using 
a bioassay, had found low plasma and 
pituitary TSH concentrations in marasmus 
and kwashiorkor. These findings fit well 
with those from the rat experiments 
especially when it is recollected that 
marasmic infants have a normal thyroid 
hormone response to an injection of 
exogenous TSH.^ It seems reasonable to 
propose that the malnourished infant, with 
marasmus or kwashiorkor, like the under- 
fed rat, has depression of hypothalamo- y 
hypophyseal-thyroid axis of central origin. 
Differences between marasmus and 
marasmic-kwashiorkor seem to be largely 
explicable by changes in plasma thyroid- 
binding protein concentration in the latter 
condition. In neither study was plasma 
triiodothyronine concentration (T3) 
measured; it would, however, be surprising 
if such measurements were discordant with 
a series of animal and human studies which 
are noteworthy for their consistency. 

Finally there remains the question of 
what effect early malnutrition may have on 
thyroid function in later life following 
recovery. D. Blackmore® studied this with 
a rat model. Male pups were overfed or 
underfed from the second to eighth day of 
life by adjustment of litter size and restric- 
tion of access by the underfed pups to the 
mother to seven hours each day. From the 
ninth day to the time of weaning at 21 
days both groups were allowed unlimited 
access to suckle. Between 30 to 35 days 
and 50 to 55 days of age some of the ani- 
mals were injected with 1 and sacrificed 
24 hours later. 

The underfed animals still had a weight 
deficit at 30 to 35 days and at 50 to 55 
days which was paralleled by that of the 
thyroid gland. When thyroid weight was 
expressed as a fraction of body weight 
(milligram per 100 g), the fraction was sig- 
nificantly lower in the overfed animals at 
both ages. It must be remembered, how- 
ever, that the overfed animals might have 
been fatter at the time of sacrificing so that 
body weight was not as appropriate a 






denominator of thyroidal weight as lean 
body mass. The fraction of the injected 
radioactive iodide remaining in the thyroid 
after 24 hours was similar in the over- and 
underfed animals but slightly and signifi- 
cantly more in those overfed. Also, the 
serum protein iodine at 50 to 55 days was 
slightly but significantly greater in the over- 
fed animals. The author concluded that a 
short period of undernutrition in the neo- 
natal period can have prolonged effects on 
thyroidal function in the rat, although, as 
he points out, the biological as opposed to 
the statistical significance of these findings 
remains open to speculation. Even more 
conjectural is the relevance of these find- 
ings to human infantile malnutrition. 

Several questions raised by this research 
are of great interest. How does the brain 
perceive the undernourished state so that 
thyroidal function is dampened, and is 
there a teleological interpretation to the 
depression of thyroidal activity in order to 
conserve fuel in short supply? □ 
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CELLULAR DEVELOPMENT AFTER FETAL THYROIDECTOMY 

Thyroidectomy of the sheep fetus causes complex disturbances in the patterns 



of cellular development of various organs and particularly in the brain. 


Key Words: fetal thyroidectomy, cellular growth, 
placental permeability, thyroxine, triiodothyro- 
nine 

The growth of the ovine fetus after thyroi- 
dectomy in utero has been reviewed re- 
cently in this journal.^ Thyroidectomy 
impairs fetal growth in the sheep as it does 
in man but the stunting is not severe and 
questions unresolved at the time of the last 
review related to the possible role of 
maternal thyroid hormones in fetal de- 
velopment and the nature of the growth 
deficit in cellular terms. Some of these 
points have since been clarified. A. 
Erenberg and his colleagues studied the 


effects of fetal thyroidectomy on both 
materno-fetal thyroid interrelationships^ 
and the cellular growth of the fetus.^ 

In the first report- the changes in feta! 
and maternal iodothyronine kinetics were 
studied after fetal thyroidectomy of seven 
lambs at 90 to 125 days gestation which is 
early in the third trimester. In four of the 
animals, indwelling catheters in the fetai 
carotid artery and maternal jugular vein 
were inserted at the time of operation. In 
the other three animals, the catheters were 
placed at a second operation three to four 
weeks later. After thyroidectomy the ma- 
ternal plasma thyroxine (T^) level re- 
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mained unchanged whereas the fetal plasma 
T 4 concentration fell exponentially from a 
mean level of 12 . 2 /ig per 100 ml preopera- 
tively to 1.7 jug per 100 ml three days later 
and became undetectable (< 0.7 jug per 100 
ml) by the fifth day. Kinetic studies in- 
volving injections of ^^^1 and ^^^1 
iodothyronine hormones were performed 
four to 37 days post-thyroidectomy, by 
injecting or triiodothyronine (T 3 ) 
labeled with | or 125 | jnto mother and 
fetus respectively at the same time. From 
these it was possible to calculate the mean 
t,/j for T 4 in mother and fetus to be 1.42 
and 0.99 days and the fractional degra- 
dation rates to be 0.50 and 0.77 percent 
respectively. Placental transfer of oc- 
curred in both directions, was slight, but 
was greater from fetus to mother than vice 
versa. 

Maternal T 3 levels were 94 ± 5.3 ng per 
100 ml before operation and like T 4 did 
not change afterwards. Fetal T 3 was unde- 
tectable before and after operation. After 
the injection of radioactive T 3 the mean 
maternal ti/j and fetal were 6.7 and 10 
hours and the fractional degradation rates, 
2.52 and 2.67 percent respectively. Like T 4 
a small transfer of T 3 occurred across the 
placenta in both directions but more from 
fetus to mother than from mother to fetus. 
Assuming that T 3 is four times as active 
biologically as T 4 the net equivalent turn- 
over of T 4 was calculated as the turnover 
of T 4 + 4 T 3 . Using this expression the 
authors calculated that the equivalent turn- 
over of T 4 in the thyroidectomized fetus 
was 7 percent of that occurring in euthy- 
roid fetuses."^ Another consequence of 
thyroidectomy was the finding of greatly 
raised fetal thyrotropin levels in three 
animals. Overall the authors found that the 
athyroid fetus develops in the absence of 
significant quantities of thyroid hormones. 
Another possibility is that fetal tissues are 
much more sensitive to T 4 and that ex- 
posure to 7 percent of the normal levels 
still has an appreciable growth promoting 
effect. 

The consequences of fetal thyroi- 
dectomy were considered by the same 
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group of workers in their other contribu- 
tion.^ Five fetuses were thyroidectomized 
at 90 to 110 days gestation and were de- 
livered 19 to 43 days later. The body and 
various organs were weighed, limb roent- 
genograms performed, and deoxyribonu- 
cleic acid (DNA), ribonucleic acid (RNA), 
and protein concentrations of selected 
organs were estimated. Control values for 
body and organ weight were obtained from 
60 other fetuses on which surgical pro- 
cedures had been performed with no inten- 
tion of producing growth retardation. 
Normal values for the chemical estimates of 
growth were made from eight fetuses 
matched for sex and gestational age. 

At the time of sacrificing the thyroi- 
dectomized fetuses, the plasma levels of T 4 
and T 3 were immeasurable while TSH 
levels were very high, confirming that the 
animals were chemically hypothyroid. This 
was confirmed by careful inspection at 
necropsy. The fetuses tended to be small 
and light for their gestational age. The lung 
weights were significantly low whereas 
liver, kidney, heart, and brain weights were 
within normal limits. 

The DNA/weight ratio was used as an 
index of cell concentration and the 
protein/DNA ratio as one of cell size. The 
small numbers of control and experimental 
observations may have hidden some differ- 
ences which would have been significant 
had larger numbers been studied. No sig- 
nificant difference was noted in the con- 
centration of RNA in any organ studied. In 
muscle, the source of which was not speci- 
fied, there was a marked reduction in the 
cellular concentration but no change in cell 
size. The lungs of the thyroidectomized 
fetus were lighter because they contained a 
significantly lower protein/DNA ratio and 
an appreciable though not significant 
reduction in total DNA. They were thus 
low in both cell number and cell size. The 
protein/DNA ratio of the liver from the 
experimental animals was only 60 percent 
that of the control fetuses but the differ- 
ence was not significant. As the fetal liver is 
composed of both hepatic and hemopoietic 
tissue it is possible that retardation of 


1 


growth of one of these could be masked by 
the normal development of the other. No 
difference in cell size or number was noted 
in the thymus, spleen, kidneys, or heart. In 
the brain different effects were observed in 
the cerebellum and cerebrum. The cere- 
bellum of the thyroidectomized fetuses had 
a low protein/DNA ratio whereas that of 
the cerebrum was greater, though in neither 
case was the difference significant. 

The radiographs showed fewer and 
smaller epiphyseal centers and a sclerotic 
appearance of the long bones. The authors 
also observed that there appeared to be 
retardation of wool follicle development, a 
lack of subcutaneous fat, and friability of 
striped muscle, confirming the earlier 
observations of P. S. Hopkins and G. D. 
Thorburn.5 

Lipid analyses of the brain showed that 
the total cerebral lipid expressed as a frac- 
tion of the wet weight was significantly less 
in the thyroidectomized animals but when 
the different subtractions, namely phos- 
pholipids, cholesterol, cerebrosides, and 
sulfatides were examined individually, the 
levels were very similar. Similar findings 
came from analyses of the cerebellum with 
the exception that the difference in total 
lipid concentration failed to achieve signifi- 
cance. 

The brain changes in the thyroid- 
^ ectomized fetal lamb may be compared 
with those in similar experiments using 
macaque monkeys (Macaca mulatta).® Six 
fetuses were made cretinous by injecting 
the mothers with ^^'1 at 71 to 88 days 
gestation which is approximately mid- 
pregnancy. The experimental animals and 
an equal number of controls were delivered 
by Cesarean section at 150 days. The in- 
jection made the mothers mildly hypo- 
thyroid as judged by measurement of 
serum T4 levels but caused complete arrest 
^ of fetal thyroidal development since the 
thyroid could not be recognized at dis- 
section. 

Similar effects were found in the cere- 
brum and cerebellum of the experimental 
animals but were more marked in the cere- 
bellum in which there was 10 percent 


reduction in both weight and DNA con- 
tent. The protein/DNA ratio was more 
reduced in the cerebrum than in the cere- 
bellum. The reduction in total protein, 
nonprotein dry solid, and RNA was sig- 
nificant in both cerebrum and cerebellum. 
Two neuronal constituents measured, 
namely lipid N-acetyIneuraminic acid (lipid 
NANA) and total sodium plus potassium 
ATPase activity, were each significantly 
reduced in cerebrum and cerebellum as 
were two markers of extraneuronal devel- 
opment, cholesterol and carbonic anhy- 
drase. These prenatal changes in the 
monkey confirm findings made in the rat 
thyroidectomized at birth and are probably 
indicative of what is likely to happen in the 
human athyrotic fetus. 

These studies complement the earlier re- 
ports of fetal thyroidectomy by illustrating 
the complexity of maternal and fetal 
thyroid hormone interrelationships and the 
diverse actions of fetal thyroid hormone 
lack on fetal development. It is clear that 
body weight or any other single anthropo- 
metric measurement is a very crude way of 
assessing fetal growth. An illustration of 
the difficulty of interpretation is given by 
the ovine fetal muscle. There was a similar 
protein/DNA concentration in the thyroi- 
dectomized and control fetuses but a sig- 
nificantly lower DNA concentration. What 
made up the balance of the weight— water, 
fat, or something else? Had a representative 
muscle, red or white, been removed care- 
fully, weighed, and analyzed in more detail 
this fundamental point could have been 
resolved. 

It is clear that much fetal development 
occurs independently of thyroid influence 
or that a little, about 7 percent, of the 
normal fetal thyroid hormone production 
goes a long way in its biological effect. The 
complete removal of thyroid hormones 
from the fetal circulation will be hard to 
achieve and this question may remain un- 
answered. Functionally, the most im- 
portant is the effect on brain development. 
It is clear from studies on the rat, sheep, 
and monkey that brain growth in terms of 
both neuronal and glial development is 
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importantly influenced by fetal thyroid 
hormone lack at the time of the brain 
growth spurt/ For species, including man, 
in which this takes place prenatally, the 
effect on the fetus of ingesting goitrogens 
or antithyroid ‘'drugs may be permanent 
even though apparent recovery appears to 
take place. □ 
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Recent Books 








Essentials of Food and Nutrition by M. 
Swaminathan. Vol. I — Fundamental As- 
pects; Vol. II— Applied Aspects. Copies 
available in the United States from M. S. 
Venkatesan, Ph.D, P.E., P. 0. Box 3905, 
Fullerton, California, 92631. Vol. I, pp. 
576, price $10.00; Vol. II, pp. 515, price 
$ 8 . 00 . 


Toxicological Evaluation of Certain Food 
Additives with a Review of General Prin- 
ciples and of Specifications, Seventeenth 
Report of the Joint FAO/WFIO Expert 
Committee on Food Additives. WHO 
Technical Report Series, 1974, No. 539. 
Published by FAO and WHO. Available 
from World Health Organization, Distri- 


bution and Sales Service, 1211 Geneva 
27, Switzerland. Pp. 40. Price Sw. fr. 5. 

Skeletal Maturity of Children 6-11 Years, 
United States, Vital and Health Statis- 
tics, Series 11, No. 140, DHEW Publica- 
tion No. (HRA) 75-1622. Available from 
the Superintendent of Documents, U. S. 
Government Printing Office, Washing- 
ton, D. C. Pp. 62. Price $1.25. 

Morinda: An Economic Analysis of Mal- 
nutrition Among Young Children in 
Rural India, by F. J. Levinson. Published 
by Cornell/MIT International Nutrition 
Policy Series, E53-471, 30 Wadsworth 
Street, Cambridge, Massachusetts 02139. 
Pp. 97. Price $2.75 (prepaid). 


Meeting Announcements 


Symposium on Specifications for Food Chemicals 


A symposium on Specifications for Food 
Chemicals will be held in the auditorium of 
the National Academy of Sciences in Wash- 
ington, D. C. on March 13. The program is 
free and open to the public. During the 
day-long program, national and inter- 
national activities and problems in the 
development and application of food chem- 
ical specifications will be discussed. 

Opening remarks by Dr. William J. 
Darby, president of the Nutrition Founda- 
tion, will be followed by a critique of the 
current Food Chemicals Codex specifica- 
tions and a discussion of procedures for up- 
dating standards. The remainder of the 
morning session will be devoted to four 
reports by FDA spokesmen and others 


dealing with regulatory trends and manu- 
facturing processes affecting food chemi- 
cals. A question and answer session will 
follow each report. 

Keynote speaker for the afternoon 
session will be G. F. Wilmink, cabinet ad- 
viser, Netherlands Ministry of Food and 
Agriculture. Dr. Wilmink will discuss the 
activities of the Joint FAO/WHO Codex 
Committee on Food Additives. Dr. George 
W. Irving, Jr., of the Select Committee on 
GRAS Substances of the Federation of 
American Societies for Experimental Biol- 
ogy will discuss the relationship of specifi- 
cations to safety evaluations of GRAS sub- 
stances. 

The Academy's Subcommittee for the 
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Food Chemicals Codex, the organizing 
body for the symposium, will hold an open 
meeting the day following the symposium, 
March 14. Final arrangements for this 
meeting will be announced during the 
symposium. 

Proceedings of the symposium will be 
published later this year. 

For further information, contact Dur- 
ward F. Dodgen, Foods Chemicals Codex, 
National Academy of Sciences, 2101 Con- 
stitution Avenue, N. W., Washington, D. C. 
20418. □ 
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International Plenary Session of 
FOOD-MAN-SOCIETY 

The third meeting of the International 
Organization for the Study of Human De- 
velopment will be held in Madrid, Spain, , 

September 22-24, 1975. Non-members are ■; 

invited. For further information contact: t 

Executive Secretary { 

D. N. Walcher, M.D. I' 

Human Development Building ? 

University Park, Pennsylvania 16802 r 

W 



The Index of Nutrition Education Materials has been prepared by the Office of 
Education of the Nutrition Foundation to assist teachers and the general 
public in acquiring useful teaching aids and educational materials. 

The Index lists more than 1 ,000 booklets, pamphlets, audio-visual aids and 
lists of recommended books available from federal agencies, professional 
societies, and educational organizations or foundations. Other sources for 
education material are included. 

Gives addresses of important local contacts and sources in each state. 

Source, subject matter, readership level and description are given for each 
publication in color-coded sections for easy reference. $5.00 postpaid 


Order from: 

OFFICE OF EDUCATION 
THE NUTRITION FOUNDATION 
888 Seventeenth Street, N.W. 
Washington, D. C. 20006 
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by Donald B. McCormick, Ph.D. 


B n the years following the recognition of from biotin and ATP as the Mg^'^ chelate. 

biotin as a vitamin for mammals and In the second step, the biotinyl moiety is 

many simpler organisms, evidence accumu- transferred to the apocarboxylase subunit 

lated for its participation in carboxylation in a synthetase-catalyzed reaction to form 

reactions. The importance of biotin in fatty the holocarboxylase. 

acid biosynthesis is underscored by its oc- Lynen and his co-workers isolated the 
currence as a functional component in I'-N-carbomethoxy derivative of biotin 

acetyl-CoA carboxylase, the enzyme first methyl ester, identical to that obtained by 

identified as containing the vitamin as a chemical synthesis, from beta- 

prosthetic group. ^ Through the work of F. methylcrotonyl-CoA carboxylase in which 

Lynen, ^ J. Knappe,^ and their colleagues a second molecule of noncovalent biotin 

during the 1960's, the involvement of can be carboxylated by the ATP-dependent 

biotin, covalently attached as an amide reaction with bicarbonate.®’^ Further evi- 

through the e-amino lysyl residues of car- dence that the ureido 1 '-nitrogen of biotin, 

boxylating enzymes, was largely elucidated. which is opposite the side chain, is the site 

It has become clear that all biotin- of carboxylation was supplied by isolating 

dependent carboxylases, including a trans- the same dimethyl ester of carboxybiotin 

carboxylase, use the biotinyl moiety as a after diazomethane treatment and pro- 

mobile carboxyl carrier to vector this group teolysis of enzymes that contained the 

to specific acyl-CoA intermediates. In an covalently attached carboxylated vitamin.® 

interesting variation of ' this theme, a The possibility had been raised from 

biotin-containing ATP:urea amidolyase studies with models that if carboxylation 

effects the cleavage of urea in certain were to occur at the ureido oxygen, methy- 

microorganisms by first catalyzing lation would facilitate 0 to N, migration 

N-carboxylation of the substrate.'^ of the methoxycarbonyl group and lead 

The way in which the biotin becomes to the same derivative, viz. 1 '- 

covalently appended to an enzyme has N-carbomethoxy-o -biotin methyl ester.® 

been elucidated for several systems.® In the However, M. D. Lane and his co-workers^ ° 

first step, biotinyl adenylate is formed provided unequivocal evidence that it is 

only the T-N-carboxybiotinyl moiety that 

functions in the acetyl-CoA carboxylase 
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system from Escherichia coli. _ 

The means by which COg (as HCO 3 ) and 
biotin (as biotinyl enzyme) react to form 
the I'-N-carboxybiotinyl compound is 
less well established. Suggestive evidence 
has been obtained that this ATP-dependent 
process results in the intermediate forma- 
tion of ADP and carbonyl phosphate.^ ^ 
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The latter mixed-acid anhydride can then 
carboxylate the biotinyl moiety and release 
inorganic phosphate. Because of the poor 
chemical reactivity of such ureido com- 
pounds as biotin, it may also be necessary 
that activation (enhanced nucleophilicity) 
of the 1 '-nitrogen be effected.^ ^ This may 
be accomplished by tautomerizing the 
T-NH and 2'-CO functions of biotin within 
the enzyme, either by hydrogen bonding of 
the carbonyl oxygen to an appropriate 
amino acid residue, or coordination of this 
oxygen to divalent metal ions, which are 
also involved.^ 

Carboxylase systems have been shown 
typically to consist of subunits involved 
with the formation and transference of the 
carboxyl function from the biotin- 
containing subunit. The three protein com- 
ponents, biotin carboxylase (BC), carboxyl- 
transferase (CT), and biotin-containing 
carboxyl carrier protein (CCP), of the 
acetyl-CoA carboxylase system have been 
resolved and purified from cell-free extracts 
of E. coli B.^^ The overall operation of 
such a typical carboxylase can be visualized 
as shown in Figure 1. 


Regulatory Aspects of Carboxylases 

The regulatory aspects of carboxylases 
are important with respect to the nutrition 
of the organism. Pyruvate carboxylase and 
acetyl-CoA carboxylase, both essential to 
the metabolism of man and numerous 
other organisms, are subject to allosteric 
regulation. The mitochondrial pyruvate 
carboxylase is activated by catalytic 
amounts of acetyl-CoA,®’^®’^^ so that as 
more carbohydrate is glycolyzed to pyru- 
vate and enters the mitochondria where 
some of it is decarboxylated to form 
acetyl-CoA, more of the remaining pyru- 
vate is then carboxylated to form oxaloace- 
tate. The increasing concentrations of 
acetyl-CoA and oxaloacetate, both derived 
from pyruvate, lead to greater production 
of citrate. Some of the mitochondrial 
citrate, that fraction over what can be cata- 
bolized in the tricarboxylic acid cycle, can 
diffuse back into the cytoplasm and acti- 
vate acetyl-CoA carboxylase®'^® to pro- 
duce malonyl-CoA and, eventually, more 
fatty acids and fat. These important rela- 
tionships can be summarized as shown in 
Figure 2. 
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Figure 2 
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A further control on this process is that 
malonyl-CoA and fatty acyl-CoA deriva- 
tives are feedback inhibitors by virtue of 
their action as negative effectors of the 
acetyl-CoA carboxylase.^® 

Another carboxylase that deserves 
special mention is the enzyme that cata- 
lyzes carboxylation of propionyl-CoA to 
methylmalonyl-CoA.®° Propionate utiliza- 
tion in animals, and especially in certain 
rumen microflora, is an important part of 
their metabolism. 

Biosynthesis 

The biosynthesis of biotin is now under- 
stood in considerable detail. As this subject 
has been reviewed recently,®^ only the out- 
lines of present knowledge will be given 
here. Most microorganisms capable of bio- 
synthesizing the vitamin appear to utilize a 
pathway from pimelic acid through 7,8- 
substituted pelargonic acids and dethio- 
biotin prior to incorporation of sulfur to 
form biotin. However, one strain of 
Achromobacter was reported to incor- 
porate the elements of cysteine, together 
with pimelyl-CoA, to form the vitamin 
from a sulfhydryl precursor.®® The inter- 
mediates and enzymes responsible for cata- 
lyzing the steps to dethiobiotin have been 


fairly well characterized and controls that 
operate noted. This pathway is shown in 
Figure 3. 

The means by which dethiobiotin is con- 
verted to biotin has not been established, 
but it undoubtedly involves more than one 
step. By the use of radioactive dethiobiotin 
labeled with or ® H in different posi- 
tions, it has been proved that the skeleton 
of this precursor is incorporated intact into 
biotin formed in Aspergillus niger.^^ It 
would also seem that four or more hydro- 
gens must be abstracted from dethiobiotin 
in this conversion. 

Transport and Metabolism 

The ways in which biotin, the sulfoxides, 
sulfone, and dethio derivative are trans- 
ported and metabolized has been in- 
vestigated by K. Ogata and by D. B. 
McCormick, L. D. Wright, and their co- 
workers.®^"®® The uptake®®’®® and meta- 
bolism®®'®® of biotin and its analogs by a 
pseudomonad, which can use the vitamin as 
a sole source of C, N, S, and energy, have 
been investigated with radioactive com- 
pounds and most of the primary meta- 
bolites isolated and chemically character- 
ized. The primary events and their general 
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sequence in the total degradation of biotin 
are indicated in Figure 4. 

Much of the carbon needed for growth 
of the microorganism is derived from meta- 
bo I izable acetate by successive beta- 
oxidative cleavage of the valeric acid side 
chain to form the two-carbon shorter bis- 
norbiotin, and then the four-carbon shorter 
tetranorbiotin.-® The acid side chains of 
dethiobiotin-'’^^ and the unnatural homo- 
biotin-' are similarly beta-oxidized in this 
microorganism, as well as others. The in- 
termediates expected at each stage of this 
process, viz. the alpha, beta-unsaturated, 
beta-keto, and beta-hydroxy acids, have 


been identified. The ureido ring can 
be cleaved between the N and bridgehead C 
opposite the side chain of the bisnor cata- 
bolite.^^ To some extent, hydrolysis of the 
carbamyl portion can occur, and following 
this, a fraction is recarbamylated and the 
ring reformed, both to regenerate the all 
c/s-bisnorbiotin, as well as the trans 
counterpart. However, most of the nitrogen 
is released by a second cleavage of the 
ureido compound to form urea, which is 
then hydrolyzed to NH^ and De- 

gradation of the remaining thiolane-ring 
fragments, not as yet isolated, produce in- 
organic sulfur at different oxidation- 
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reduction levels. Even earlier oxidation of 
the thioether sulfur of biotin leads to some 
formation of both the d - and l - 
sulfoxide.^^’^® The o-isomer can be par- 
tially degraded but is largely catabolized 
after reductive reversion to biotin.^ ° The 
L-isomer^^ and sulfone^^ are more inert 
and are mainly converted to the beta- 
hydroxy side-chain metabolites, which ac- 
cumulate in the culture medium. 

The metabolism of biotin and excretion 
of the vitamin and catabolites from the rat 
have also been determined. In 
general, the mammal cannot significantly 
degrade the ring system of the vitamin but 
converts a small portion to the sulfoxides, 
which arise through microsomal mixed- 
function oxidase activity in liver. A larger 
fraction is degraded to bisnorbiotin, which 
results from beta-oxidation of the side 
chain effected in mitochondria. These com- 
pounds and traces of the methyl ketones, 
resulting from decarboxylation of the inter- 
mediate beta-keto acids, are excreted with 
unaltered free vitamin in the urine. 

Deficiency 

In spite of some catabolic loss of biotin in 
the body tissues, deficiencies do not occur 
frequently in the human and most animal 
species. The small amounts required are 
usually readily supplied by the diet and are 
further augmented in most species by 
microfloral synthesis. For these reasons, it 
is only after the feeding of raw egg white as 
a source of avidin to complex the biotin 
that deficiency symptoms appear. Even 
though the ingested complex is relatively 
stable and prevents biotin from being ab- 
sorbed in its passage through the alimen- 
tary tract, the injected complex is slowly 
degraded and the vitamin released to be 
utilized and metabolized.^^ □ 
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THE RELATIONSHIP BETWEEN INFECTION 
AND THE IRON STATUS OF AN INDIVIDUAL 


Recent work on the incidence of infection and the defense mechanisms against 
infection in iron deficiency is discussed. 



Key Words; iron deficiency, infection, immune 
mechanisms 

There is a body of experimental and clini- 
cal evidence suggesting that the iron status 
of an individual may affect his resistance to 
infection. Thus iron-binding proteins such 
as transferrin and the conalbumin of egg- 
white, perhaps by reducing the availability 
of iron, may inhibit bacterial growth in 
vitro. Increased iron supply to tissues 
may predispose to infection, e.g. parenteral 
iron may exacerbate chronic pyelone- 
phritis,^ and free blood in body fluids may 
enhance bacterial growth.'^ 

It could therefore be postulated that 
states of increased iron availability in the 
blood might predispose to infection. Con- 
versely, iron deficiency might protect the 
individual against infection. The situation is 
not yet clear. Patients with an iron over- 
load due to hemochromatosis or multiple 
blood transfusions are not notably prone to 
infection. Many types of hemolytic anemia 
are also not thought to be predisposing. 
Individuals with sickle cell anemia are in- 
dubitably liable to Salmonella osteomylitis 
but this may be at least partly due to the 
bone infarction which readily occurs in this 
disease. 

The mechanisms by which a lack of 
available iron might influence conditions 
for bacterial growth are several. A direct 
lack of availability of iron in the blood or 
in the body fluids could inhibit prolifera- 
tion of microorganisms. This situation is 
found in iron-lack anemia but a low serum 


iron is also found in the presence of inflam- 
mation or infection per se. This could per- 
haps represent part of the body's defense 
mechanism against infection. 

Other major factors in resistance to in- 
fection are, however, the reticulo- 
endothelial system including the poly- 
morphonuclear leucocytes of the peripheral 
blood and cell-mediated immunity which 
depends on normal lymphocyte function. 
Previous work suggested that in iron de- 
ficiency, although leucocyte phagocytic 
capacity may be normal, killing capacity is 
reduced.® The underlying mechanism may 
be impaired synthesis of iron-containing 
enzymes.® D. H. M. Joynson and co- 
workers^ assessed peripheral blood 
lymphocyte function in iron deficiency. 
They found impairment of lymphocyte 
transformation with purified protein deriv- 
ative and Candida antigen as the stimula- 
ting factors. The intradermal injection of 
these antigens also gave fewer positive 
delayed-hypersensitivity skin reactions than 
in an iron replete control group. The pro- 
duction of a macrophage inhibition factor 
was reduced when Candida antigen was the 
stimulus, but not when purified protein 
derivative was used. 

A possible criticism of this work is that 
previous exposure to an antigen in vivo is 
necessary for lymphocytes to respond by 
transformation to the antigen in vitro. The 
usual measurement of previous exposure, 
delayed hypersensitivity reaction on skin 
testing, was depressed. This could imply 
impairment of this parameter with iron de- 
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ficiency, but also non-exposure to the 
antigen. Restoration to normality of the in 
vitro tests after correction of the iron de- 
ficiency, would have been an important 
positive control. 

More recent work by P. Kulapongs and 
his co-workers® suggested, however, that 
there is no major defect in the function of 
lymphocytes or polymorphonuclear leuco- 
cytes in uncomplicated iron deficiency. 

Studies were carried out in eight children 
with severe iron-deficiency anemia. In 
seven of these, hookworm infestation was a 
probable major etiological factor. Vitamin 
deficiencies were excluded by assay of 
serum vitamin B ;^2 folate levels. Iron 
deficiency was documented by measure- 
ment of serum iron, iron-binding capacity 
levels, and assessment of bone marrow iron 
stores. Investigations were repeated after 
the restoration of normal hemoglobin levels 
consequent on the treatment with paren- 
teral iron. Lymphocyte function was 
measured by assessing the response to stim- 
ulation with phytohemagglutinin (P.H.A.) 
of lymphocytes labeled with tritiated 
thymidine. The mean percent of lympho- 
cyte transformation and proliferative index 
(incorporation of tritiated thymidine re- 
lated to control unstimulated cultures) 
showed no significant difference. Similarly 
bactericidal activity of the polymorpho- 
nuclear leucocytes against Escherichia coii 
showed no significant difference in results 
when compared to those from the normal 
children. Only one individual in the test 
group had a subnormal leukocyte bacteri- 
cidal activity when homologous serum was 
used in the test system, but normal values 
were obtained when autologous serum was 
used. This work, therefore, does not pro- 
vide a pathogenetic basis for reports that 
iron-deficient individuals are more prone to 
infection.® 

The obverse, that iron deficiency may 
protect against infection, is suggested by 
recent work in Dar-es-Salaam by A. E. J. 
Masawe and his colleagues.^® Successive 
anemic admissions to a hospital were cate- 
gorized by full hematological work-up in- 
cluding the estimation of bone marrow iron 


stores. One hundred and ten patients were 
classified as having one of the following 
varieties of anemia: iron-deficiency, meg- 
aloblastic, dimorphic (i.e. mixed iron de- 
ficiency and megaloblastic), hemolytic 
anemia, and refractory anemia due to 
chronic infection or inflammation. 

Bacterial infections were found to be 
most common in hemolytic anemia (83 
percent), refractory anemia (83 percent), 
and megaloblastic anemia (64 percent). The 
incidence in the 38 patients with pure iron 
deficiency was much lower and none of the 
29 patients with dimorphic anemia had in- 
fection. Conversely 24 percent of the 
patients with iron deficiency, either alone 
or associated with megaloblastic anemia, 
had malaria but only 5 percent of the 
patients in the other three groups were so 
infected, the majority being in the di- 
morphic group. There was felt to be some 
relationship between iron therapy and the 
development of malaria. In spite of inad- 
equate documentation in some cases, half 
the iron-deficient patients with malaria 
developed the infection shortly after iron 
therapy. 

If this resistance of iron-deficient indi- 
viduals to infection is confirmed by further 
larger studies, speculation as to the possible 
pathogenesis is of interest. There is evi- 
dence that the presence of iron aids bac- 
terial growth^ ^ and the converse might be 
true. Alternatively transferrin itself, with 
the raised levels found in iron deficiency, 
might have a direct protective effect. Ex- 
cess iron can abolish the bacteriostatic 
effect and antisera to certain micro- 
organisms. It has also been suggested that 
unsaturated transferrin may be a necessary 
co-factor for such antisera.^® Another 
possible pathogenetic mechanism is block- 
ade and reduced phagocytic capacity of the 
reticulo-endothelial system in states of iron 
overload.^ ® 

There are obviously many factors to be 
considered and much experimental work 
remains to be done. The incidence of iron 
deficiency is so worldwide that its relation- 
ship to infection is of paramount im- 
portance. □ 
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RENAL HANDLING OF SALT BY PRETERM INFANTS 


r 


Preterm infants respond to an ora! sodium load with a greater natriuresis than 
term infants. The postnatal development of renal sodium handling by these 
infants does not differ from that which would have occurred in utero. 


Key Words; preterm infants, renal function, 
sodium chloride, glomerular filtration rate 


The development of milk formulas for new- 
born infants has a long history. Most of the 
components of milk have been studied in- 
tensively and modified in form and concen- 
tration considerably in various preparations 
offered to the public. Many of the altera- 
tions made have been done so on the em- 
pirical basis of "humanizing" cow's milk, 
the assumption being that human breast 
milk is the best formula for infant develop- 
ment and the closer a manufactured 
product can be made to resemble it, the 
better that formula will be. This approach 
is laudable but somewhat naive, especially 


when the needs of preterm infants have to 
be considered. These babies have to be 
nourished with milk for up to 12 weeks 
before they would have first ingested the 
milk had they been born at term. In con- 
sidering the needs of preterm infants atten- 
tion must be given not only to the im- 
maturity of certain digestive, absorptive, 
and excretory functions at the time of 
birth but also the effects of extrauterine 
life on the ontogeny of these functions. 
The effects of premature birth on the 
gastrointestinal tract have been reviewed 
here recently.^ The purpose of this review 
is to draw attention to recent developments 
in the renal handling of sodium by preterm 
infants. This work is important because 
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changes have been made in the solute con- 
tent of formulas recently on the basis of 
the inability of the neonatal kidney to 
handle sodium. 

A. Aperia and her colleagues^ studied 
the renal excretion of sodium in newborn 
infants of varying gestational ages during 
the first week of life or at intervals there- 
after. The preterm infants were studied 
between the ages of two to three weeks or 
when they were equivalent to 40 weeks 
gestational age. All infants were fed breast 
milk or cow's milk formula to give 120 to 
130 kcal per kilogram of body weight per 
24 hours. The test consisted of infusing 
breast milk or formula diluted three-fold 
via a nasogastric tube. A volume corre- 
sponding to 2 percent of the body weight 
was given over 60 minutes followed by a 
quarter of this each succeeding 30 minutes. 
After 90 to 120 minutes fluid loading a salt 
load of 0.12 g of sodium chloride per kilo- 
gram of body weight was given as a 1 per- 
cent saline solution in the diluted formula. 
All urine voided over the next five hours 
was collected. Altogether, 49 such studies 
were performed in 44 infants of 29 to 37 
weeks gestational age and normal birth 
weight. The infants were divided into three 
groups: 15 of 29 to 33 weeks (group I), 16 
of 34 to 35 weeks (group 1 1), and 1 3 of 36 
to 37 weeks (group III). A fourth group of 
20 term infants which had been studied in 
the same way and reported earlier^ was in- 
cluded for comparison. In 17 preterm 
infants and three term infants an estimate 
of the glomerular filtration rate (GFR) was 
made by injecting inulin intravenously in 
the latter part of the sodium load test and 
measuring inulin in capillary blood and 
urine thereafter. 

All infants responded to the sodium load 
with an increase in urinary sodium ex- 
cretion. In the term group the pattern of 
excretion was reproducible^ and similar to 
but less than that occurring in older chil- 
dren with an increase in the hourly sodium 
excretion in the second hour of study. This 
was followed by a high, steady rate of 
sodium loss up to the end of the fifth hour. 
In the preterm infants the response was 


more variable, with fluctuation between 
periods being noted. 

A comparison of the different gesta- 
tional age groups during the first week of 
life showed that they all had similar hema- 
tocrits. Groups I and II had a similar and 
slightly lower mean GFR than groups III 
and IV. A more surprising finding was that 
the infants of 29 to 35 weeks gestational 
age had significantly higher mean hourly 
sodium excretion rates of 3 to 4 mEq per 
1.73 m^ per hour than did those of 36 to 
40 weeks in whom the mean rate was 1 to 
2 mEq per 1.73 m^ per hour. Both preterm 
and term infants had similar urine diluting 
capacities as estimated by the relationship 
between the free water clearance and the 
sum of the sodium and free water clear- 
ances. 

Increasing postnatal age was associated 
with a fail in hematocrit which was greatest 
in the most premature group. A slight fall 
in serum albumin was noted in groups I and 
II as they reached postnatal ages equivalent 
to 40 weeks gestational age. No statement 
about the significance of these changes is 
made and their interpretation is difficult 
because all the infants except three were 
studied only once, and the changes occur- 
ring as a function of postnatal age were 
made cross-sectional ly on small groups. 
Serum sodium concentration remained con- 
stant in all groups at all ages studied. The 
glomerular filtration rate of the preterm 
groups increased with postnatal age. Their 
mean urinary sodium excretion rate, how- 
ever, fell to levels characteristic of term in- 
fants in the first postnatal week. 

The low GFR of the preterm infants 
shortly after birth is partly due to the 
histologic immaturity of glomerular de- 
velopment which is not complete until the 
thirty-sixth week'^ and partly to the low 
hydrostatic pressure perfusing the kid- 
neys.^ Their relatively good natriuretic 
response to a salt load is somewhat unex- 
pected until it is appreciated that this is the 
consequence of another immaturity, in this 
case of tubular sodium reabsorption. 
Sodium loss is greater from the preterm 
newborn because inability to reabsorb 
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more than counterbalances the low delivery 
of salt to the renal tubule. Furthermore, 
urinary sodium excretion is enhanced by 
the larger extracellular volume^ and rela- 
tive total sodium content^ of the preterm 
infant. 

The clinical application of these studies 
is two-fold. First, it is apparent that the 
preterm newborn has lower limits of tol- 
erance of sodium under- and overload and 
may respond paradoxically to an acute salt 
load by seeming to excrete more than is 
appropriate. More common is the excessive 
weight gain which accompanies more 
chronic salt loading. The second point is 
that extrauterine experience has not been 
found to alter the normal renal maturation, 
and sodium homeostasis seems to develop 
more as a function of gestational than post- 
natal age. □ 
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BRAIN GROWTH IN KWASHIORKOR 


Clinical studies show that a reversible impairment of brain growth may 
occur in kwashiorkor. 


Key Words: brain growth, occipito-frontal circum- 
ference, transillumination, echo encephalography, 
kwashiorkor, marasmic kwashiorkor 

Clinical studies of cerebral function during 
and following recovery from infantile mal- 
nutrition are among the most important 
but difficult and frustrating experiments 
that face the nutritional investigator. 
Putting aside the problems of multifactorial 
etiology and ethical restrictions which are 
common to all pediatric research, the tech- 
niques of measurement of brain function 
are highly sophisticated and involve a 
number of skills including those of the 
neurologist, psychologist, and teacher.^ 
Turning to an apparently simpler ap- 
proach, that of brain growth, the investi- 


gator still faces an intimidating group of 
problems. The difficulty of measuring the 
brain as opposed to some indirect assess- 
ment such as skull size, the interpretation 
of a reduction in size, and the use of appro- 
priate reference standards are but three 
obvious and recurring points which must be 
considered. These are well illustrated by an 
interesting and detailed study performed 
by G. Engsner and his colleagues^ working 
in Ethiopia. Their patients were 53 infants, 
between the ages of one to three years. The 
infants were suffering from classical 
kwashiorkor or marasmic-kwashiorkor^ 
and were admitted to the hospital for treat- 
ment. The treatment consisted of initial 
rehabilitation with a high-calorie and high- 
protein liquid diet. This was followed by 
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gradual weaning to a semi-solid diet and 
milk as clinical improvement occurred. An 
attempt was made to follow all the patients 
at monthly intervals after discharge, but for 
various reasons longitudinal observations 
were achieved in only ten cases. 

Standard anthropometric information 
was obtained on admission to the hospital, 
particular care being taken in the measure- 
ment of the head circumference for which 
a steel tape was used. Transillumination of 
the skull was performed under standardized 
conditions as described by the same 
authors earlier."^ This was reported on a dis- 
continuous scale of one, two, and three 
arbitrarily defined points. The third 
method of brain measurement was to per- 
form echo-encephalography to estimate the 
width of the lateral ventricles. This was 
expressed as the ratio of the sum of the 
widths of the two ventricles to the dia- 
meter, presumably bi-parietal, of the head. 

The head circumference measurements 
on admission of both boys and girls were 
equal to or below the 50th percentile of 
the standards prepared from a longitudinal 
study of normal Swedish infants.® The 
authors report that the children with 
marasmic-kwashiorkor tended to have 
smaller heads than those with kwashiorkor 
but the difference was not significant. The 
test of significance used is not stated and it 
would be of interest to know if the results 
had been examined as standard deviation 
scores. The small head circumferences 
should not be accepted, however, as being 
necessarily pathological. It may be that 
Ethiopian normal standards are below 
those of Sweden. Having accepted the 
patients as abnormal by virtue of their mal- 
nutrition, it might have been more mean- 
ingful to plot the head circumference of 
the patients and normal Ethiopian infants® 
against their height or height-age rather 
than chronological age. This would have let 
the authors test the possibility that head 
circumference and head/height ratio of 
malnourished children were or were not 
abnormal. 

The heads of both types of malnourished 
infants showed significantly increased 


transillumination in both the fronto- 
temporal and parieto-occipital axis. Again 
the statistical method used on these discon- 
tinuous results is not stated. The authors 
discussed the importance of scalp edema in 
interpreting both head circumference and 
transillumination measurements. While con- 
cluding that scalp edema had little effect 
on the head circumference they did not 
state if they regard it as being responsible 
for the increased transillumination seen at 
all ages studied on admission. 

The lateral ventricle index was two 
standard deviations or more above normal 
in 46 out of 51 infants measured compared 
to the normal measurements reported by I. 
Sjogren.^ Since this index is the least likely 
of the three to be subject to variation in 
different groups of normal subjects, the 
findings are important. | 

Ten infants were followed at monthly 
intervals for six months. As expected there 
was an important increase in the weight/age 
ratio and related variables, such as arm cir- 
cumference and triceps skinfold thickness. 
By contrast there was very little change in 
the length/age ratio over the same period, 
illustrating that after initial loss of edema 
fluid, the infants became fatter. Measure- 
ments of individual changes in height and 
height velocity are not reported and would 
have been interesting, particularly as all the 
measurements were made by the same in- 
vestigator. Set against this background of 
general bodily growth the authors observed 
a clear cut and consistent catch-up growth 
of head circumference. The longitudinal 
study of transillumination is more difficult 
to interpret. Normal values change mark- 
edly with postnatal age.® The ten infants 
were between the ages of 14 and 35 
months on admission, yet their transi- 
llumination scores were averaged for the 
purpose of describing the changes occurring 
during recovery. For what they are worth 
the scores show a gradual normalization, 
which takes place, however, over a much 
longer time than the disappearance of the 
edema fluid. The mean lateral ventricle 
index was approximately -f-3 standard 
deviations for one month following ad- 
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mission. It then gradually fell to coincide 
with the mean for normals six months after 
admission. The fall in this index was the 
product of a more gradual increase in the 
external diameter of the head and a de- 
crease in the combined width of the lateral 
ventricles. Again this was the most impor- 
tant of the longitudinal measurements as 
normal values do not change as a function 
of age between one and three years/ so it 
was legitimate to pool the results from the 
patients. 

The results of this study appear to dem- 
onstrate that there is a reduction in head 
size as a result of infantile malnutrition 
which is associated with an increase of skull 
transillumination and width of the lateral 
ventricles. With treatment these indices of 
brain size tend to return to normal, some 
taking as long as six months to do so. As 
has been pointed out above, the measure- 
ments of head circumference and transillum- 
ination are difficult to interpret for various 
reasons. One possibility is that the ab- 
normal transillumination is light reflected 
from subarachnoid or subdural intracranial 
fluid. This would certainly be compatible 
with the increased diameter of the lateral 
ventricles, for it would be difficult to ex- 
plain ventricular enlargement without ac- 
cumulation of fluid on the surface of the 
brain. Extra-intracranial fluid could result 
from a failure of brain growth to keep pace 
with skull growth. A more likely explana- 
tion, however, is that the observations indi- 
cate a form of temporary communicating 
hydrocephalus. In developing this argument 
the authors point out that animal experi- 
ments have shown that hypovitaminosis A 
of a sufficient duration and intensity will 
impede the free circulation of cerebrospinal 
fluid, causing increased intracranial pres- 
sure.®'® Vitamin A deficiency is common 
in Ethiopia particularly among those suffer- 
ing from generalized malnutrition and this 
idea deserves further study. The children 
showed no clinical evidence of raised intra- 
cranial pressure but measurements such as 
blood levels of vitamin A, the clinical re- 
sponse of patients with kwashiorkor to 
vitamin A therapy for a limited period, and 


the possible detection of ventricular dilata- 
tion in infants with isolated vitamin defic- 
iency, all merit further study. 

The authors' findings are corroborated 
to some extent by another study. Air 
encephalography was performed in 15 
infants with kwashiorkor and revealed that 
cortical atrophy of a variable degree occur- 
red in most cases. One year later 12 of the 
children had a repeat investigation and 
showed a complete or almost complete 
return to normal. 

These studies do demonstrate clearly 
that some change does take place in the 
cranial contents during infantile malnutri- 
tion. Fortunately it is reversible with treat- 
ment. The nature of the change will be 
argued for some time. If the argument is to 
be constructive, however, it will provoke 
further research into a most important 
although difficult field of investigation. □ 
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LYMPHOCYTE FUNCTION IN MALNUTRITION 

New work on in vitro and in vivo tests of lymphocyte function in malnourished 
children and small-for-dates babies are reviewed. 


Key Words: malnutrition, lymphocyte, cell- 
mediated immunity, rosette-forming cells 

A recent review^ described new work on 
the immunocompetence of adults suffering 
from malnutrition. A study by R. K. Chan- 
dra^ extended this to a younger age group. 
Three tests of the immune response were 
measured in each of 15 children diagnosed 
as being malnourished. The criteria of mal- 
nourishment were failure to thrive, poor 
dietary history, the usual evidence of fat 
and hair loss, and a weight of less than 80 
percent of the 50th percentile for their age. 
Ten healthy children were used as controls. 

Lymphocytes forming the center of 
spontaneous rosettes of sheep red cells are 
generally considered to belong to the cate- 
gory of thymus-dependent or T-cells.^ In 
the malnourished children there was a sta- 
tistically significant decrease in the percent 
of the total lymphocyte population posses- 
sing this characteristic, compared with 
those from normal children. Thus, the 
initial mean percent for the malnourished 
group was 23 percent, rising to 60 percent 
after dietary treatment. The percent of 
T-lymphocytes in the control group was 71 
percent. Since Chandra previously demon- 
strated involution of lymphoid tissue in- 
cluding the thymus"^ and the occurrence of 
lymphopenia in the blood in at least some 


cases,^ the absolute number of T-lympho- 
cytes may in fact be even relatively lower 
in the malnourished child. 

Other lymphocyte functions were also 
measured. The plant lectin, phytohemag- 
glutinin, activates dormant small lympho- 
cytes to enter the cell cycle, replicate their 
DNA, and undergo mitosis. The capacity to 
do so is also generally considered to be a 
property of that fraction of lymphocytes 
known as T-cells.® The T-cells act as the 
memory cells for a particular antigen as 
opposed to the B-cells or bone-marrow de- 
rived lymphocytes which can synthesize 
the antibody to that antigen. Stimulation 
induced by phytohemagglutinin is meas- 
ured by the incorporation of radioactive 
thymidine into DNA, and was shown to be 
low (on the average of 35 times greater 
than that of unstimulated cultures) in mal- 
nourished children on presentation when 
compared to their level after dietary resti- 
tution (97 times control) or to the group of 
normal children (111 times control). Of 
course these lower figures may be due in 
part to an absolute reduction in the num- 
ber of lymphocytes capable of responding 
as well as to a possible qualitative func- 
tional defect. Data as to absolute values for 
peripherial blood lymphocytes would 
therefore have been of interest in these 
children but these are not reported. 
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The third estimate of T-cell function 
measured was the ability to confer sensi- 
tivity to an antigen to which there had 
been no previous exposure. Dinitrochloro- 
benzene (DCNB) was applied to the skin 
and a delayed sensitivity reaction looked 
for after the injection of the chemical into 
another cutaneous site one month later. 
Only two of the 15 malnourished children 
gave a positive response. In contradistinc- 
tion such a result was obtained in all of the 
ten healthy children. 

A similar project was undertaken by 
A. C. Ferguson and his co-workers^ study- 
ing a group of malnourished children in 
Ghana. In a group of ten, three were maras- 
mic and seven had kwashiorkor. In vivo 
cell-mediated immunity was assessed by 
delayed hypersensitivity skin testing using 
PHA, monilia, streptokinase/strepto- 
dornase, keyhole limpet hemocyanin, and 
purified protein derivative as antigens. 
When compared to ten normally nourished 
children, positive responses were obtained 
on notably fewer occasions, e.g. for monilia 
two out of ten for the malnourished group, 
compared with eight out of ten for the con- 
trol group. 

In vitro cellular immunity was also 
assessed. In this study there was no signifi- 
cant difference in the total lymphocyte 
count in either group. In vitro stimulation 
of lymphocytes with PHA showed similarly 
no significant difference between the two 
groups as a whole although three malnour- 
ished children had rather low results. The 
numbers of rosette-forming, or T-lympho- 
cytes did, however, show a distinct differ- 
ence. An average result of 16.6 percent was 
obtained for the malnourished group and 
59.7 percent for the control group. There- 
fore, these results confirm those of Chan- 
dra using the same test. Also in this second 
study, rosette-forming cells returned to a 
normal percent after one to three weeks on 
a high protein, high calorie diet. 

These studies were also extended to in- 
clude the assessment of rosette-forming 
cells in ten small-for-dates babies as com- 
pared with ten infants with normal birth 
weights. There was a significant difference 


in the percent of such cells, 49.2 percent, 
when compared to the controls, 65.1 per- 
cent. The authors suggest this may explain 
in part the increased susceptibility of such 
small-for-dates infants to infection and ties 
up with the reported hypoplasia of their 
thymic tissue. 

These studies therefore go some way in 
suggesting at least part of the possible path- 
ogenesis of the known increased suscepti- 
bility to infection of malnourished indi- 
viduals. The possible basis of the T-cell 
defect remains a matter for speculation. It 
might be lack of a single or small group of 
key nutrients, secondary to the elevated 
cortisol levels known to occur in such in- 
dividuals® or a depression of some as yet 
unknown thymic hormone. Whatever the 
basis, it is remarkable and fortunate that 
such changes are rapidly reversible with 
attainment of good nutrition. □ 
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XXIIL On the ultimate composition of simple alimentary^ substances; with 
some preliminary remarks on the analysis of organized bodies in general 
By WILLIAM PROUT, M.D. F,R,S, 

Read June 14, 1827. 

The present being the first of several communications on the same subject 
wliich I hope to have the honour of laying before the Royal Society, a few 
observations on the origin and object of the whole series may not be deemed 
irrelevant. 


0 0 0 

Organic chemistry is confessedly one of tlie most difficult departments of 
the science, and thougli much has been done, and more attempted on the 
subject, it is yet in a very imperfect and unsatisfactory state; and it must be 
frankly admitted that Physiology and Pathology have derived less advantage 
from tills most promising and really powerful of tlie auxiliary sciences, than 
miglit have been expected. To explain this perhaps would not be difficult* but 
as the explanation would be misplaced here, I shall merely observe, Wt 







dissatisfied with the old modes of inquiry, I determined to attempt a dif- 
ferent one, and keeping in view the notions I had originally formed respecting 
chemical combinations, proposed to myself to investigate the modes in which 
the three or four elementary substances entering into the composition of 
organized bodies are associated, so as to constitute the infinite variety occur- 
ring in nature. 

With these views my first object was to determine the exact composition 
of the most simple and best defined organic compounds, such as sugar, and 
the vegetable acids, a point that had been several times before attempted, but, 
as it appeared to me, without complete success. About the same time also 
albumen and other animal products, as urea, lithic acid, &c. were examined 
with similar views. The subject of digestion, however, had for a long time 
occupied my particular attention; and by degrees I had come to the con- 
clusion, that the .principal alimentary matters employed by man, and the 
more perfect animals, might be reduced to three great classes, namely, the 
saccharine, the oily, and the albuminous: hence, it was determined to 
investigate these in the first place, and their exact composition being ascer- 
tained, to inquire afterwards into the changes induced in them by the action 
of tlie stomach and other organs during the subsequent processes of assimila- 
tion. In conformity with tliis plan, the object of the present communication 
is the consideration of the first class or family above-mentioned, namely, the 
saccharine. 

Preliminaiy observations on the analysis of organised substances. 

Vegetable substances contain at least two elements, hydrogen and carbon; 
and most generally three, hydrogen, carbon, and oxygen. Animal substances 
are still more complicated; and besides the above three, usually involve a 
fourth element, namely, azote, to which they appear to owe many of their 
peculiar properties. 
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Of the Sacchanne pnnciple. 



Carbon. 

Water. 

Pure sugar candy 

42’85 

57*15 

* Impure sugar candy .... 

41-5 to 42.5 

58-5 to SI'S 

East India sugar candy (v) . 

41-9 

58-1 

English refined sugar 

41*5 to 42*5 

58*5 to 57*5 

East India refined sugar (v). 

42*2 

57*8 

Maple sugar (v) 

42*1 

57*9 

Beet-root sugar (v) 

42*1 

57*9 

East India moist sugar (v). . 

40*88 

59*12 

Sugar of diabetic urine . . . 

36 to 40? 

64 to 60? 

Sugar of Narbonne honey . 

36*36 

63*63 

Sugar from starch ....... 

36*2 

63*8 
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In conclusion, I wish to observe, that I purposely abstain at present from 
making any further observations on the preceding results than those already 
given. 1 do this for several reasons: in tlie first place, such observations will 
appear with greater effect, when the whole of the facts in my possession are 
laid before the public; and secondly, I consider that data which lead to such 
important conclusions as these appear to do, cannot be too firmly estab- 
lished; I therefore, in the mean time, earnestly invite chemists in general to 
repeat them, and thus either to confirm them, or point out their errors; and 
for the sake of those who may be inclined to take this trouble, I shall close 
this part of the subject with the following remarks: L The multiples of 
hydrogen, carbon, and oxygen, are assumed in the preceding calculations as, 
1:6:8. 2. The results given are, on all essential points, the means of many 
experiments, the differences among wliich are either inappreciable, or at most 
vary from ‘01 to ‘03 of a cubic inch in from 5 to 8 cubic inches of carbonic 
acid or oxygen gas; the greatest differences in general, being for obvious 
reasons, found among merorganized bodies; and hence the analyses of these 
are usually stated to the first decimal figure only. 3. As rules to be observed, 
I would say, that a single result should never be registered, nor a single cal- 
culation made, till the operator has made himself complete master of his 
apparatus, and carefully studied the nature of the substance to be analyzed; 
for different substances often require very different management: that two or 
three results should never be relied on; the minute quantities here sought can 
be only obtained, like those of astronomy, by repeated observations: and 
lastly, the utmost care should be taken that the substances operated on be 
pure, a point of greater importance, and frequently of more difficult 
accomplishment than any other, and one that has caused me more trouble 
than all the rest put together. 



LENGTHS OF POLY-7-GLUTAMYL CHAINS IN NATURAL FOLATES 

An assessment of the peptide chain lengths of natural folates has been 
accomplished by reductive cleavage of the pteridine portion from the series 
of p-aminobenzoylglutamyl poly-J-glutamates, the latter being separated 
by chromatography. Folates with four glutamate residues predominate in 
certain foiate-requiring bacteria. Uptake of folic acid into hepatic folates 
in the rat is rapid with the early appearance of tetra- and pentaglutamate forms. 

After 24 hours, over 90 percent were in the penta- and hexaglutamyl forms, 
with the remainder consisting of tetra- and heptaglutamates. 
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There are numerous natural folates that re- 
sult from variations in substituents on the 
pteroyl moiety, as well as in the chain 
length of T-glutamyl residues.^ Present 
evidence indicates that it is actually the 
poly-T-glutamates of folic acid that function 
in the coenzymatic roles.^'® Most estima- 
tions of the quantities of the folates with 
different chain lengths have relied on sep- 
arations by chromatographic means and 
differential microbiological assays before 
and after deconjugation with pteroyl- 
glutamyl-T-polyglutamyl hydrolases.®’^ ° 
However, the failure of some of the 
pteroyl -substituted forms to separate 
readily from the mono- to polyglutamate 
derivatives of other forms and the diffi- 
culties inherent in assays with overlapping 
specificities have led to a limitation in the 
applicability of earlier methodologies and 
to some question as to the validity of the 
quantitations achieved. 

C. M. Baugh and his co-workers^ ^ de- 
veloped a method which avoids the earlier 
difficulties in assessing the lengths of poly- 
T-glutamate chains present in natural fo- 
lates without regard for the presence or 
absence of alterations at nitrogen 5 or 10 in 
the pteroyl portion of such compounds. 
This method involves removal of the pteri- 
dine portion by reductive cleavage at the 


C(9)-N(10) bond with Zn/HCl. The 
homogeneous series of p-aminobenzoyl- 
glutamyl polyglutamates and the corre- 
sponding N(10)-methyl compounds, which 
result when a substituent (methyl, methy- 
lene, or methenyl) is present in the natural 
folates, can then be separated cleanly in 
sequence by elution from a column of 
diethylaminoethyl-cellulose (chloride) with 
a linear gradient of buffered sodium 
chloride. The volume of salt solution re- 
quired to elute each derivative, which con- 
tained 1 to 7 glutamate residues, under the 
defined conditions was determined with 
^"^C-labeled and nonradioactive compounds 
that had been synthesized. The amount of 
each compound was assessed by ultraviolet 
absorbance contributed by the (N-methyl) 
p-aminobenzoyl moiety and by the radio- 
activity contained within the uniformly 
labeled glutamate portion. 

The distributions of poly-T-glutamyl 
chain lengths in bacterial folates were de- 
termined for three folate-dependent 
strains.^ ^ The respective Difco folate-free 
assay media were used to culture Lacto- 
bacillus case! 7496, Streptococcus faecium 
8043, and a methotrexate-resistant strain 
of the latter. Liquid media contained 0.8 
jLtMoles of pteroyl [U-^'^C] glutamic acid 
per liter with the addition of 5 mg of 
methotrexate in the case of the resistant 
strain. Incubations were at 37° for 24 
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hours, after which cells were collected by 
centrifugation and washed twice with iso- 
tonic saline. Folates were extracted by 
homogenizing the cells in 6 M urea made 5 
percent in trichloracetic acid. Protein was 
removed by centrifugation and the super- 
natant adjusted to pH 6 to 7 and diluted 
five-fold before pouring onto a DEAE- 
cellulose (chloride) column. This column 
was washed with water and stripped with 
0.5 N HCI. Tubes containing radioactivity 
were pooled and the radioactive folates 
subjected to reductive cleavage. Recovery 
of radioactivity was found to be consis- 
tently 85 to 90 percent. The resulting 
[^•*C]p-aminobenzoylglutamates were frac- 
tionated by further chromatography on 
columns of DEAE-cellulose as had been 
shown to separate the synthetic com- 
pounds. 

The percent of folates with number of 
glutamate residues (in parentheses) found 
for L. casei were: 3.2 (1), 0 (2), 9.3 (3), 
59.4 (4), 23 (5), 5.1 (6), and 0 (7). For 5. 
faecium, values determined were: 16.5 (1), 
8.5 (2), 20 (3), 54.5 (4), and 0 for (5), (6), 
and (7). Values for the methotrexate- 
resistant strain of S. faecium were: 1 (1), 
5.7 (2), 6.9 (3), 81.3 (4), 5.1 (5), and 0 for 
(6) and (7). An interesting consequence of 
these results is the correction of previous 
estimates made by others who used less 
reliable methods. The earlier claim^ that all 
folates of L. casei possess more than six 
glutamyl residues is incompatible with the 
present finding^ ^ that about 60 percent of 
the total folate was in the tetraglutamate 
form, while only 5 percent of the hexa- and 
none of the heptaglutamate derivatives 
were found. Even more disparate is a re- 
port® that 75 percent of the folates of L. 
casei have more than seven glutamyl resi- 
dues and that 24 percent of the penta- 
giutamate form is present in S. faecium. 

Moreover, this work of Baugh et al.^^ 
lends some insight into the cause for the 
resistance of the one strain of S. faecium to 
methotrexate. In addition to studying the 
chain length of folates present, these in- 
vestigators noted that no radioactivity 
from methotrexate labeled with 


[U-^'^C] glutamate was incorporated into 
the growing cells. It is probable that the 
resistance in this mutant is conferred by a 
transport alteration which excludes the 
folate antagonist. 

In a companion paper,^^ G. I. Leslie and 
C. M. Baugh report on their study of the 
uptake of pteroyK^'^C] glutamate into rat 
liver and the subsequent conversion of the 
monoglutamate to polyglutamate forms in 
that organ. Male Sprague-Dawley rats, 
weighing between 200 and 250 g and main- 
tained on a nutritionally complete diet, 
were injected intraperitoneally with 175 /ig 
of [^'^C] folate, which had been synthe- 
sized by a solid phase method.^® The 
animals were sacrificed at fixed intervals 
and livers extirpated and homogenized for 
assay generally as was done with bacteria. 

Maximal uptake of the labeled folate 
occurred after 6 hours when 4 to 4.5 per- 
cent of the radioactivity injected was found 
in the liver. This level of radioactivity de- 
creased past 24 hours until 2.9 percent was 
present after a week and only 0.5 percent 
after a month. The distribution of folate 
types with respect to length of the 
7 -glutamyl chain was found to change from 
a preponderance of the mono- 

glutamate form within an hour after injec- 
tion to an increasing amount of the tetra- 
and then pentaglutamate up to a day. By a 
week, the hexaglutamate (57 percent) was 
the main form present, though significant ^ 
amounts (36 percent) of the penta- were 
still found. As the amounts of [^'^Cj hepta- 
glutamate (5.2 to 5.4 percent) were rela- 
tively constant between the first and sec- 
ond week following injection, and the 
amounts of other labeled forms generated 
from the initial monoglutamate were 

generally similar after a week, it appears 
that an injected dose of the monoglutamate 
reaches an equilibrium with the hepatic 
folate pools by this time. By 28 days, a t 
larger fraction of the ^'^C-label (26.2 per- 
cent) was found in the heptaglutamate, 
while over half of the label (53.6 percent) 
was still present as hexaglutamate, and only 
about a fifth (20.2 percent) remained as 
the pentaglutamate. 
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The results reported by Leslie and 
Baugh^^ appear nnore reliable than earlier 
ones and surely indicate the principal 
trends in the in vivo conversion of pteroyl- 
glu tannic acid to the poly-T-glutamate 
forms that predominate within cells util- 
izing these coenzyme forms for one-carbon 
metabolism. However, the use of only one 
type of label in a specific portion of the 
single dose of folic acid injected should be 
viewed as incomplete information. Non- 
labeled forms that may have half-lives of 
far longer duration than the time-course 
chosen, or any forms that are not in equil- 
ibrium with the circulating folates, would 
not have been detected. The investigations 
of Baugh and his co-workers, though, have 
already advanced our understanding of the 
distribution and interconversions of natural 
folates. □ 
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FOLIC ACID METABOLISM IN VITAMIN B,2 DEFICIENCY 

Vitamin 5^2 deficiency leads to secondary folate deficiency. 
Methionine alleviates it. Operation of the "methyl trap" due to a block in 
the transmethylase reaction, a reduced uptake of folate by the celts, and 
diminished synthesis of folate poly glutamates are the alternative theories 
advanced to explain this condition. 



Key Words: folate, vitamin 8^2- methionine, 
methyl trap, folate polyglutamates, folate mono- 
glutamates, S-adenosyl methionine, transmethylase 

Vitamin folate deficiency produces a 
secondary folate deficiency in man and 
animals.^ Thus in deficiency, urinary 
excretion of formiminoglutamate (FIGLU) 
and aminoimidazole carboxamide are ele- 
vated. 

An important locus of interaction be- 
tween these two vitamins is the enzyme 
S-MeH^F - homocysteine transmethylase 
which catalyzes the synthesis of meth- 
ionine from homocysteine. 

Homocysteine -i- S-MeH^F-^ H,jF + Methionine. 

According to the methyl trap hypothesis 
which has been advanced to explain sec- 
ondary folate deficiency associated with 
primary B^2 deficiency,^ in 6^2 defi- 
ciency, folate gets blocked as S-MeFl^F due 
to an impaired transmethylase reaction and 
an essentially irreversible methylene H4F 
reductase reaction. 

Elevated levels of serum folate have been 
reported in some patients with pernicious 
anemia and in B^2‘deficient animals. Since 
the major folacin compound in circulation 
in these situations is S-MeFI^F, this ob- 
servation is quoted to support the methyl 
trap theory. Flowever, the data on 
B-MeH^F levels in tissues of vitamin 
Bj 2-deficient animals and plasma of pa- 
tients with pernicious anemia are equivocal. 
Therefore, this theory cannot satisfactorily 
explain the depletion of tissue folates fre- 
quently observed in B;^2'deficient animals. 
Also, plasma folate in rats is less than 1 
percent of the folate contained in the liver 


and may not be representative of other 
tissues. 

Methionine administration appears to al- ' 
leviate the folate deficiency secondary to 
vitamin B^2 deficiency in animals. The 
basis for the methionine effect is not 
known but S-adenosyl methionine inhibits 
methylene F reductase in vitro. Such an 
inhibition in vivo would divert folate from 
accumulation in its methyl tetrahydro- 
folate form. 

S. W. Thenen and E. L. R. Stokstad^ 
found that monoglutamate forms of folate 
are not affected in the livers of B;^2'de- 
ficient rats, but polyglutamates (methyl 
and non-methyl forms) show a fall which 
can be corrected with methionine as well as 
with vitamin B;^2- The ratio of methyl 
pentaglutamate to total non-methylated 
reduced pentaglutamate was markedly ele- 
vated in the livers of B^2'deficient rats. 
This was returned to normal by the admin- 
istration of vitamin Bj2 or methionine. 
They interpret this as evidence in support 
of the methyl trap theory and conclude 
that dietary cobalamine and methionine 
regulate the concentration of folate poly- 
glutamates but not the monoglutamates. 
This does not, however, explain the fall in 
total polyglutamates, including the methyl 
form, in Bj2 deficiency and their restora- 
tion after supplementation. 

In a more recent paper, A. J. Vidal and ^ 
E. L. R. Stokstad^ examined the urinary 
excretion of folate derivatives and the con- 
centration of liver folates after a single 
tracer dose of tritiated pteroyl glutamate in 
Bj 2-deficient rats with or without adminis- 
tration of methionine (0.2 percent in diet- 
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ary protein supplement) or its analogue 
ethionine. In the same study, the effect of 
methionine and/or vitamin on liver 

S-adenosyl methionine levels was also in- 
vestigated. 

Liver uptake of folate as judged by con- 
centration of the label was lower in the 

2 'deficient animals. Urinary excretion 
was higher, 65 percent being 5-CH3H4F. 
Vitamin 2^ methionine, and/or ethionine 
reduced the urinary folate and the percent 
of the total present as the methyl derivative 
(45 percent). 

Hepatic S-adenosyl methionine was low 
in the deficient group but returned to 
normal after treatment with vitamin B;^2 
(100 Mg per kilogram of diet) and/or meth- 
ionine (15 g per kilogram of diet). Based on 
these data the authors conclude that 
through the operation of the methyl trap, 
the uptake of folate by the liver and the 
synthesis of polyglutamates is impaired. 
The unutilized 5-CH3H4F is excreted in 
the urine. From the results on changes in 
liver S-adenosyl methionine the authors 
suggest that there is feedback inhibition of 
methylene tetrahydrofolate reductase by 
the active form of methionine in vivo. 

Monoglutamates, mainly 5-CH3H4F are 
the only transport form in the body fluids. 
On the other hand poiyglutamates are 
probably the coenzyme forms inside the 
cells. In some systems only polyglutamates 
show activity and polyglutamate coen- 
zymes have a higher affinity for the en- 
zymes. I. Chanarin and co-workers, who 
strongly oppose the methyl trap theory 
recently showed diminished poiyglutamates 
but not monoglutamates in erythrocytes of 
patients with pernicious anemia.'^ This 
group feels that the primary block in vita- 
min Bj 2 deficiency lies in the conversion 
of monoglutamates to poiyglutamates. 

Defective transport of 5-CH3 H4 F into 
erythrocytes of patients of pernicious 
anemia has been reported, but Chanarin et 
aH are of the opinion that this is secondary 
to the failure of polyglutamate synthesis 
inside the cells. Furthermore, these workers 
comment that since the primary clinical 
lesions of B^^^ deficiency in man and ani- 


mals are not similar, conclusions based on 
animal studies may not always be valid. 

R. M. Smith and co-workers in Australia 
studied the B3 2-'folate- methionine inter- 
action in B;^ 2 'deficient sheep. Although 
Bj2-depleted sheep contained significantly 
lower concentration of non-methylated 
folates in their livers than Bj2-supple- 
mented animals, there was a uniform deple- 
tion of both conjugated and unconjugated 
forms within these classes. There was also a 
small but uniform restoration of both con- 
jugated as well as the unconjugated forms 
on treatment with physiological amounts 
of methionine. Since both methylated and 
the non-methylated forms were reduced in 
B;^2 deficiency, the authors question the 
methyl trap theory, although they com- 
ment that a higher concentration of methy- 
lated form may be due to block in methyl 
transferase reaction. Their data fail to sup- 
port the polyglutamate synthesis theory. 

Since ATP facilitates polyglutamate 
synthesis, and nicotinamide coenzymes are 
essential for interconversion of folate vita- 
mers, the levels of these as well as K'^/Na'*' 
ratios in freeze clamped sheep livers were 
examined.^ Levels of NAD"*", NADH, 
NADPH, and ATP were reduced and the 
K'*'/Na'^ ratio elevated in B^g deficiency.^ 

A study of liver enzymes® showed that 
the activities of dihydrofolate reductase 
and 5-CH3H4F - homocysteine trans- 
methylase were significantly diminished in 
the livers of Bj2'deficient sheep and were 
not altered by methionine supplementa- 
tion.® While the methylene tetrahydro- 
folate reductase was inhibited by S-ade- 
nosyl methionine in vitro it was not inhibi- 
ted by levels of this metabolite found in 
the liver after the administration of physio- 
logical amounts of methionine. Pteroyl 
polyglutamate synthetase activity was sig- 
nificantly higher in the livers of deficient 
animals and fell in methionine supple- 
mented animals. The authors feel that the 
rise in polyglutamate synthetase may be an 
attempt to conserve folates. 

To test folate transport in B32 de- 
ficiency, the effect of intravenous admin- 
istration of methionine on the transport of 
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methotrexate in liver slices was studied.® 
Methotrexate shares the folate transport 
system in mammals and unidirectional 
transport can be studied, since it is not 
further metabolized. Methionine treatment 
was found to increase methotrexate uptake 
suggesting that it also probably promotes 
the uptake of natural folates from plasma 
into the liver. The authors feel that 8^3 
may help folate transport into the cell by 
increasing the intracellular concentration of 
methionine through the transmethylase 
system. 

Thus, operation of methyl trap, as well 
as diminished folate transport and lowered 
polyglutamate synthesis have been ob- 
served in 2-deficient animals and/or 
man. The primary lesion remains a moot 
point. □ 
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INTERCONVERSION OF BACTERIAL AGENTS CAUSING 
BOTULISM AND GAS GANGRENE 

Experiments have demonstrated the necessity of bacteriophage in Clostridium 
botulinum for neurotoxin production. Using specific toxin-inducing phages, a 
non-toxigenic C. botulinum type C organism was converted to toxigenic 
C. novyi type A as well as C. botulinum type C or D. 


Key Words: Clostridium, botulinum, toxin, inter- 
conversion, bacteriophage 

Of the various toxic or infectious disease 
agents that may be transmitted by food, 
botulinum toxins are perhaps the most 
dreaded. This fact is due to their extremely 
high potency for many animal species in- 
cluding man. C. Lamanna,^ who was one of 
the first people to obtain botulinum toxin 
in the crystalline form, described this exo- 
toxin as the "most poisonous poison." 

The bacterial agent, Clostridium botu- 
linum, is one species among several gram- 
positive, anaerobic, spore-forming bacilli 
capable of producing a variety of potent 
toxin proteins. Seven immunologically dis- 


tinct neurotoxins (A through G) have been 
obtained from C. botulinum, although 
most type-identified human cases in the 
United States have been traced to types A, 

B, and E. The case fatality rate has been 
high (>60 percent) in the past but has 
shown a decline in the last three decades.^ 
Clostridium tetani, another species, pro- 
duces the well-known causative agent of 
tetanus. Spores of the organism in soil or 
manure may contaminate wounds and ^ 
upon germination establish a site of infec- 
tion from which a potent neurotoxin is dis- 
seminated to the nerve tissues. Other 
species of Clostridium are notorious for 
their ability to proliferate in traumatized 
tissues and cause extensive necrosis referred 
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to as gangrene. Clostridium perfringens, C. 
sporogenes, and C. novyi are examples of 
this category. These species are character- 
ized by their ability to form tissue- 
destroying enzymes such as immunologi- 
cally distinct lecithinases, collagenases, and 
other biologically active substances. Clo- 
stridium perfringens type A in the sporula- 
ting phase synthesizes a potent enterotoxin 
which is the principal agent responsible for 
a fairly common food poisoning in humans. 
The toxin is a protein (molecular weight of 
about 36,000) that exerts a profound ef- 
fect on the secretory activity and contrac- 
tility of the small intestine.^ 

The seven immunological types of C. 
botulinum have been divided into four 
categories based on common biochemical 
and serological properties."^ One of these. 
Group III, includes C. /70i/)//type A as well 
as C. botulinum types C and D. Toxigenic 
strains of C. botulinum C and D and C. 
novyi A are readily differentiated, however, 
on the basis of distinct differences in their 
respective major toxins. The botulinum 
toxins are paralytic poisons which inhibit 
the release of acetylcholine at cholinergic 
nerve junctions or terminals, whereas type 
A C. novyi produces a lethal alpha toxin 
not formed by C. botulinum. 

It has been shown that conversion of 
non-toxigenic strains of C. botulinum C 
and D to respective toxin producers re- 
quires the presence of type-specific bac- 
teriophages and that prophages must persist 
in the bacterial cells for continued toxi- 
genicity.^ A recent study of unusual and 
far-reaching importance has extended these 
findings and demonstrated not only the 
interconversion of types C and D C. bot- 
ulinum but also the conversion of a non- 
toxigenic type C C. botulinum to a toxi- 
genic C. novyi type A.® These conversions 
were effected through the use of specific 
bacteriophages in each case. The series of 
experiments that established these phe- 
nomena are outlined below. 

Starting with a prophage-bearing toxi- 
genic strain of type C C. botulinum (#162) 
a non-toxigenic isolate (HS37) was ob- 
tained through the process of heat- 


treatment of spores of #162 followed by 
plating and selection of colonies that were 
devoid of prophage and toxigenicity. This 
non-toxigenic strain, HS37, was susceptible 
to reinfection with type C toxin-inducing 
phage which re-established the type C toxi- 
genic strain. It was also found, however, 
that HS37 could be infected with a type D 
toxin-inducing strain of phage and in this 
way type D C. botulinum toxigenic organ- 
isms could be derived. More significantly, 
HS37 was also susceptible to phages ob- 
tained from C. novyi type A. Infection of 
HS37 with a strain of phage purified from a 
type A alpha toxin producing strain of C. 
novyi resulted in formation of toxigenic C. 
novyi type A from the original C. botu- 
linum organism. Thus, three immunological 
distinct toxins could be produced by a 
common bacterial strain (HS37) following 
infection with the respective toxin-inducing 
bacteriophages. It was also shown that in- 
fection of HS37 with a phage derived from 
a non-toxigenic strain of C. novyi failed to 
induce toxigenicity in HS37. 

The necessity of continued presence of 
phage for toxigenicity was also demon- 
strated. Heating the spores from each de- 
rived toxigenic strain at 70° C for 15 
minutes resulted in inactivation of pro- 
phage from a portion of the population and 
a simultaneous loss of toxigenicity in the 
respective progeny. Other isolates from this 
treatment which retained their phage com- 
ponent (a majority) also remained toxi- 
genic. The derived non-toxigenic isolates 
were susceptible to toxin-inducing phages 
from C. botulinum types C or D and C. 
novyi type A, each of which again induced 
its specific type of toxigenicity. The toxi- 
genic survivors from the heat treatment 
were immune to homologous phage. When 
strain HS37 was infected with toxin- 
inducing phages of C. botulinum type C or 
D, respectively, it became resistant to in- 
fection with both types C and D phages but 
continued to be sensitive to the toxin- 
inducing phage from C. novyi. Conversely, 
HS37 infected with type A C. novyi phage 
remained sensitive to phages C and D of C. 
botulinum. The authors did not indicate 
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what characteristics were present in strains 
bearing dual phage infections. 

Further work is required to determine if 
other isolates of C novyi containing 
prophage can be freed of its viral infection 
and then converted to C. botulinum type C 
or D employing specific bacteriophages. 

This important study undoubtedly will 
open new areas of research on the mecha- 
nism of toxin production by the Clostridia. 
Also, the possibility that a single strain of 
bacteria could be responsible under certain 
conditions for both botulism and gas gan- 
grene must certainly be considered. □ 
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SPECIAL REPORT 


THE EFFECTS OF FOOD PPMESSIMQ 
ON NUTRITIONAL VALUES 

A Scientific Status Summary by the INSTiTUTE OF FOOD TECHNOLOGISTS' 
EXPERT PANEL ON FOOD SAFETY AND NUTRITION & THE COMMITTEE ON 

PUBLIC IN FORMA TION 


The major goal of food preservation is to 
free man from total dependence on geo- 
graphy and climate in providing for his nu- 
tritional needs and wants. While there are a 
few areas of the world where fresh fruits 
and vegetables are available year-round, 
without food preservation methods most of 
the world's population would be faced with 
a "feast or famine" situation— a large 
volume, large selection during a short har- 
vest period, followed by a long winter and 
spring, eating only a limited number of 
staples such as the grains and a few root 
crops. 

While all preservation methods contri- 
bute to this major benefit, each also op- 
erates in a trade-off situation— they lead to 
an inevitable loss in certain nutrients. Nu- 
tritional losses occur whether food is pro- 
cessed commercially or at home, and they 
also occur if a food is stored in an unpro- 
cessed state. 

The major consideration, then, in evalua- 
ting food processing from a nutritional 
standpoint is the trade-off between in- 
creased food availability and the effects 
each of the various kinds of processing have 
on nutrition (including the effects of no 
processing at all). Also to be considered are 
the degree or extent of loss (it is often 
greater in home processing, for example, 
than in commercial) and the relative im- 
portance of the loss of a specific nutrient 
from a particular commodity (loss of vita- 
min C from milk during pasteurization and 
refrigerated storage, for example, is rela- 
tively unimportant, considering that milk is 


a minor sourca of this nutrient in the daily 
diet, compared with other foods such as 
citrus fruits). 

Adding to the evaluation process is the 
fact that food processing methods affect 
flavor, ta>(ture, and appearance. The pro- 
cesses that lead tc improvements in these 
esthetic quaiities (and consequently to 
reduced rejection of the food by finicicy 
eaters) frequently lead to better retention 
of nutrients as weil. 

Processing Effects: Piuses and Minuses 

Early man presen/ed his food, supply by 
smoking, salting, and. drying, and. these 
basic methods ar& stiil utilized: today. A.n 
analysis of these and other methods of 
food processing reveais both favorabie and 
adverse effects on nutritional quality. 

For example, on the positive side, heat 
processing destroys the antidigestive factors 
in cereal grains, peas, and beans, thus 
making both the proteins and carbohy- 
drates in these products more utiiizabie by 
man. Heat processing also destroys the 
enzymes which bring about the destruction 
of vitamin in fish and fish products, and 
the factors that would otherwise tie up the 
vitamins and iron in egg white. 

In general, however, the overall effect of 
heat processing foodstuffs or drying them 
is to decrease the nutrient content, partic- 
ularly vitamins A, , C, and E. Heat pro- 
cessing or periods of iong storage may also 
reduce protein availability, while drying— 
either alone or accompanied by smoking 
and storage— may reduce the stability of 
any fat components, leading to rancidity. 
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Processing Losses vs Natural Differences 

Variations in the nutrient content of raw 
food materials will affect the content of 
vitamins and minerals in the final food 
product as much as— and sometimes more 
than— the processing itself. Raw foods may 
vary widely in their vitamin content be- 
cause of genetic variations, climatic condi- 
tions, and maturity at harvest. This is es- 
pecially true of the vitamin and mineral 
content of some fresh fruits and vegetables. 
These variations may be quite extreme— for 
example, carrots may vary 100-fold in their 
concentration of carotene (provitamin A), 
and samples of fresh tomato juice have 
shown 16-fold differences in vitamin C per 
serving. Similarly, investigators have found 
a wide range of thiamine concentration in 
pork muscle, depending in large part on the 
thiamine content of the diet the pigs re- 
ceived. 

These natural differences are of long 
standing. Although the data are somewhat 
sketchy, it does not appear that the raw 
foods being produced today are any dif- 
ferent (in terms of vitamin content) from 
those produced two or more decades ago. 

Losses Occur During Cooking 

Another factor which must be consid- 
ered in evaluating nutrient losses resulting 
from food processing is the extent and kind 
of losses that occur during the preparation 
of the food for the table. Normal home 
cooking frequently leads to high losses of 
nutrients in food. In fact, the major loss in 
vitamin and mineral contents of foods 
often occurs during final preparation in the 
home or institution prior to eating. 

Water-soluble vitamins, such as vitamin 
riboflavin, and niacin, are particularly 
subject to cooking losses through leaching. 
Losses in the fat-soluble vitamins and vita- 
min C, on the other hand, generally occur 
during heating and storage in the presence 
of air. 

Because of the large losses that occur in 
the home, the actual vitamin content of 
table-ready foods is frequently about the 
same regardless of the type of processing— 
or lack of processing the food has under- 


gone. For example, a bowl of peas placed 
steaming on the table will contain 35—45% 
of its original, "raw" vitamin C content re- 
gardless of whether it was prepared from 
fresh peas (45%), frozen peas (40%), or 
canned or freeze-dried peas (both 35%). 

What Happens to Vitamins and Minerals? 

The major methods of food preservation 
are blanching, heat processing, drying, 
freezing, and fermentation. 

Blanching is the initial process in most 
preservation methods for fruits and vege- 
tables. These foods are blanched to inacti- 
vate biological systems which would other- 
wise degrade the flavor or color, and the 
systems which cause the loss of vitamins. 

Steam blanching of spinach, as an ex- 
ample, results in the retention of 90—100% 
of vitamins B^^, B 2 , and C, and niacin. 
Water blanching (for 272 to 5 minutes in 
boiling water) results in a retention of 
65—90% of the same vitamins. 

Minerals in food materials, on the other 
hand, are stable to heat. Any losses usually 
result directly from leaching into the water 
used for processing, or (in even larger 
amounts) into the water used for cooking. 

Heat Processing includes canning in 
either metal cans or glass jars. Most vita- 
mins, with the exception of riboflavin and 
niacin, break down when heated (i.e., are 
heat-lebile). As a consequence, some nu- 
trient losses can be expected in heating 
operations. Some vitamins, such as ribo- 
flavin, are also unstable with respect to 
light, significant losses of these materials 
may be expected in usual handling opera- 
tions when the food material is exposed to 
both light and high temperatures. 

Heat transfer is slow in conventionally 
sterilized products, particularly non-liquid 
products such as meat. Since heat is applied 
to the outside of the product (or its con- 
tainer), the outer material is subject to 
more total heating than necessary, in order 
to achieve sterility in the center. For ex- 
ample, in the canning of beans (a semi- 
solid), approximately 55% of the vitamin 
Bj is retained, while in tomatoes (a more 
liquid product), approximately 70% of the 
vitamin C is retained. 
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High-temperature, short-time steriliza- 
tion is receiving increased attention today 
because of the different effects of increased 
heat on bacterial destruction compared to 
chemical reactions. For example, an 18°F 
rise in processing temperature will usually 
produce a 10-fold increase in bacterial de- 
struction, while only doubling the chemical 
reactions which lead to the destruction of 
certain vitamins and flavors. This system 
thus results in the retention of a higher per- 
centage of nutrients and flavors than does 
conventional canning. Beans processed in 
this manner, for example, retain 90% of 
their original vitamin B;^, and tomato juice 
will retain an equivalent percentage of vita- 
min C. 

Drying. The process of drying does not 
cause major losses in vitamins. This is true 
of conventional dehydration methods, and 
even more true for the newer methods such 
as puff drying and freeze drying. 

Sulfur dioxide is frequently added in the 
dehydration process, with the primary in- 
tention of preserving the product's color. It 
also results in an increased retention of 
vitamin C, since sulfur dioxide inhibits a 
biological system which can cause a major 
loss of this vitamin. The addition of sulfur 
dioxide does cause a considerable loss of 
thiamine, but since most food products 
which are dehydrated and sulfured are not 
major sources of dietary thiamine, the net 
dietary effect of sulfur dioxide addition is 
positive. 

When dried food products are stored in 
air, losses of vitamins A, C, and E may 
occur from reaction with oxygen. 

Refrigeration and Freezing. The freezing 
process, like dehydration, does not in itself 
result in a significant destruction of vita- 
mins, with the exception of vitamin E. Any 
losses in frozen foods occur during the 
blanching process prior to freezing, as 
noted above. 

Fermentation. There is no major concern 
with nutrient losses with this method of 
preservation. In fact, there may be an in- 
crease in the B vitamins due to microbial 
synthesis during fermentation. 

Storage. Vitamin losses during storage 
and distribution of canned or dried foods 


may vary widely, depending on the tem- 
peratures at which they are held during the 
various stages of distribution. The retention 
of vitamins in canned tomato juice, for ex- 
ample, is very markedly decreased by 
storage at temperatures higher than room 
temperature, although vitamin A retention 
is somewhat less affected by storage condi- 
tions. 

Storage temperatures are also important 
for the retention of quality, including nu- 
tritive value, in frozen foods. Thus, storage 
at 0°F or lower results in excellent reten- 
tion of the vitamin content of frozen 
foods. The major factors affecting losses 
after long storage at these low temperatures 
are the oxygen permeability and light trans- 
mission characteristics of the packaging. At 
storage temperatures above 1 5° F, however, 
easily oxidizable vitamins will be lost over a 
period of time. For example, half of the 
original vitamin C in asparagus, peas, and 
lima beans will be lost during storage at 
15° F for 6 months. 

What Happens to Proteins? 


iJ'S 








Proteins in foods may become less avail- 
able physiologically during processing or 
storage— that is, their molecular structure 
may change so that the body is less able to 
utilize them. Recent publications suggest 
that the mechanism by which these changes 
occur is a complex series of chemical re- 
actions, some of which involve free radi- 
cals; these reactions occur much more 
readily in the presence of carbohydrates 
such as simple sugars. 

Amino acids, the "building blocks" of 
proteins, may be destroyed or rendered 
non-utilizable when proteins are heated to 
high temperatures, and they may also be 
lost (at a slower rate) when foods are 
stored at room temperature. 

The browning of food by heating or long 
storage may lead to loss in palatability and 
protein availability, as well as to the pro- 
duction of undesirable changes in the 
physical properties of food. On the other 
hand, most baked and fried foods are in- 
tentionally browned to "improve" their 
appearance and flavor. Maple syrup owes 
its flavor and color to the browning re- 



V 
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action, and the distinctive caramel flavors 
which may be generated in dairy products 
are the result of the browning reaction in 
milk or milk components. Thus, while it is 
clear that browning may affect the nutri- 
tional value of foods, it may also enhance 
their acceptability. 

What Happens to Carbohydrates and Fats? 

As indicated earlier, carbohydrates may 
be made more digestible, and thus more 
available, by mild processing. The major 
loss in the availability of carbohydrates is 
due to their interaction with protein, as 
noted above. In most cases, even this loss is 
relatively minor, with more significant ef- 
fects occurring in the protein constituents 
themselves. 

Fats in foods are not significantly altered 
by processing, but may be degraded during 
prolonged storage in the presence of air. 

Processing Does Not Cause Major Losses 

On an overall basis, the food preserva- 
tion techniques in greatest use today do 
not result in major iosses in the nutritive 
value of foods, and the more sophisticated 



methods of food preservation now being 
developed by advanced technology will 
retain an even higher percentage of nu- 
trients. Factors to be considered in efforts 
to increase the retention of nutritional 
values must include the home preparation 
of food, institutional food systems, and 
further improvement in food processing 
technology. □ 
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Fellowships In Clinical Nutrition 


The Department of Nutrition and Food 
Science, Massachusetts Institute of Tech- 
nology and the Children's Hospital Medical 
Center, Boston, Massachusetts, will offer 
fellowships in clinical nutrition starting 
July, 1975. The program is multidiscip- 
linary in nature, providing physicians with 
an opportunity to acquire a broad back- 
ground in clinical nutrition. The program's 
principal objective is the training of inde- 
pepdent investigators for research in clini- 
cal nutrition and teaching of applied nutri- 
tion to house staff and medical students. 
The training program includes courses and 
seminars in nutrition at M.l.T. as well as 
clinical activities at Children's Hospital, the 
New England Deaconess and Boston Uni- 


versity Hospitals. The fellowship will be 
offered for one, two or three years depend- 
ing on the interests of the individual. One 
or two years training in pediatrics, internal 
medicine or surgery is required. Applicants 
must be citizens or non-citizen nationals of 
the United States, or have been lawfully 
admitted to the United States for perma- 
nent residence and have in their possession 
a permanent visa at time of application. 
Send all requests for information to Dr. 
Robert M. Suskind, Program Director, Clin- 
ical Nutrition Fellowship, Department of 
Nutrition and Food Science, Massachusetts 
Institute of Technology, Cambridge, Massa- 
chusetts 02139. □ 


“Conquest of Famine” Receives Nutrition Foundations’ Book Award 


The Nutrition Foundation, the British 
Nutrition Foundation, and the Swedish 
Nutrition Foundation have selected Con- 
quest of Famine^ to receive the first Nutri- 
tion Foundations' Book Award. ^ The book 
by Dr. Wallace Aykroyd was published in 
England by Chatto & Windus Ltd. and in 
the United States by Readers Digest Press. 
Dr. Aykroyd was the Director of the Nutri- 
tion Division of the Food and Agriculture 
Organization from 1946 to 1960. He was 
Senior Lecturer in Nutrition at the London 
School of Hygiene and Tropical Medicine 
until his retirement in 1966. 

It was during a symposium on famine 
sponsored by the Swedish Nutrition Foun- 
dation in 1970 that Aykroyd realized that 
a book dealing with the conquest of famine 
should be written in order to convey to the 
general reader the nature of this scourge, 
the causes of famine, the progress in the 


procurement of food supplies and the 
organization of relief measures. Conquest 
of Famine describes famines from the po- 
tato famine in Ireland in the 1840's to the 
recent famine in Ethiopia, and contrasts 
these to the Biblical account of Joseph's 
preparation for the seven lean years of har- 
vest in Egypt. 

Dr. Aykroyd not only analyzes the so- 
cial, environmental and political factors 
which contribute to famine and the various 
protocols for its alleviation, but he also 
leaves the reader with a feeling for the 
human misery which accompanies such 
deprivation. The author's assessment of the 
Green Revolution and new techniques of 
population control provides a mildly op- 
timistic conclusion. He says, "what has 
been done in conquering famine in its tradi- 
tional manifestations gives hope that man 
will successfully master the broader prob- 
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lem of adjusting world food supplies and 
world population.” 

As Aykroyd notes, “it has become fash- 
ionable to decry the Green Revolution, 
which has in fact been remarkably success- 
ful, though_r^ achievements in India have 
been overshadowed byleconomi c and social 
disruptio n accompan ying the creatio n of 
Bangladesh, ~and__by a grim^drouglTr'in 
Wes^tem^lndia." It'iOortuhate that there 
recerTtly'^has' appeared another most read- 
able book. Facing Starvation; Norman 
Borlaug and the Fight Against Flunger, by 
Lennard Bickel.^ This book tells the per- 
sonal story of the remarkable team from 
The Rockefeller Foundation, initially 
headed by J. George Flarrar, and its cam- 
paign against hunger, first in Mexico and 
then around the world. It carries to a wide 
readership the story of the most recent 
developments, especially in relation to 
wheat, told around a central theme of the 
dedication of Nobelist Norman Borlaug. 


The history of the agricultural program 
of The Rockefeller Foundation from its 
early days in Mexico in 1943 to 1966 was 
recorded earlier in Campaigns Against Hun- 
ger.'^ This book was written by three other 
pioneers, E. C. Stakman, Richard Bradfield 
and Paul C. Mangelsdorg, who helped con- 
ceive and develop this program. 

These three books well could be con- 
sidered required reading during the World 
Food and Population Year of 1974-1975. 


1. W. Aykroyd: The Conquest of Famine. 
Chatto & Windus Ltd., London, 1974 

2. International Group of National Nutrition 
Foundations. Nutrition Reviews 31:35, 1973 

3. L. Bickel: Facing Starvation: Norman Borlaug 
and the Fight Against Hunger. Readers Digest 
Press, 1974. Available from E. P. Dutton & 
Co., Inc., New York 

4. E. C. Stakman, R. Bradfield, and P. C. Man- 
gelsdorg: Campaign Against Hunger. Harvard 
University Press, Cambridge, Massachusetts, 
1967 


Conquest of Famine is available from E. P. Dutton & Co., Inc., 201 Park Avenue 
South, New York, New York 10003, for $7.95. 
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by Walter Mertz, M. D. 


T he immediate history of the glucose 
tolerance factor (GTF) began with the 
observation that feeding rats a Torula yeast 
based diet resulted in a significant impair- 
ment of their glucose tolerance, as meas- 
ured by intravenous glucose tolerance 
tests.^ Feeding this diet also produced diet- 
ary necrotic liver degeneration, but none of 
the nutrients protecting against the liver 
disease (vitamin E, sulfur amino acids, 
factor 3 preparations, or selenium) were 
effective in preventing the decline of glu- 
cose tolerance.^ The existence of a new 
dietary agent, GTF, was postulated,^ triva- 
lent chromium was identified as its active 
ingredient,'^ and its mode of action was 
described as facilitating the reaction of 
insulin with receptor sites of sensitive 
tissues.® The best known and richest source 
of GTF in nature is Brewer's yeast. 

In retrospect, the history of GTF may 
date back to 1929, when E. Glaser and G. 
Halpern described an insulin potentiating 
effect of yeast extracts by demonstrating 
that incubation of insulin with such ex- 
tracts would result in a substantially greater 
hypoglycemic action of the hormone.® 
This exciting work was not followed up. 


Dr. Mertz is Chairman of the Nutrition Institute, 
Agricultural Research Service, Beltsville, Maryland 
20705. 
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probably because the results were conven- 
iently explained by the high vitamin con- 
tent of yeast, and they were overshadowed 
by the great therapeutic benefits of insulin 
itself. With this died an art of treating 
diabetes by nutritional means, going far 
beyond the regulation of energy intake, to 
the prescription of certain foods and waters 
that had been shown by experience to be 
beneficial to diabetics. 

The mid-sixties brought the demonstra- 
tion of improvement of glucose tolerance 
in a number of adults and elderly people in 
the United States, following supplementa- 
tion with 150 to 250 /ig of chromium per 
day, in the form of chromic chloride.^'® 
Shortly thereafter, very marked effects of 
such supplementation were found in mal- 
nourished children from Jordan, Nigeria, 
and Turkey, but not from Egypt.^®'^^ At 
the same time, however, it was concluded 
from animal experiments that simple 
chromium salts, regardless of valence state, 
did not meet the criteria of an essential 
element.® Most importantly, a variety of 
these salts were shown not to have access 
to the fetus in utero, although it was 
known from careful analytical studies that 
the fetus acquires high concentrations of 
chromium during its development. Second, 
intestinal absorption of simple chromium 
compounds was not found to depend on 
the nutritional chromium status of the 
animal, and the rate of chromium elimina- 
tion not to be influenced by superimposed 
injections of high doses of chromium chlo- 
ride.^ ® Third, the effects of chromic chio- 
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ride supplementation in adult man always 
took several days to several weeks to be 
noticeable, and this interval could not be 
shortened by giving higher doses. Further- 
more, simple chromium compounds were 
shown not to equilibrate with a physiologi- 
cally important pool in the organism, the 
source of pronounced, acute increases of 
blood chromium in response to increases of 
circulating insulin.^ Finally, calculations 
of the approximate chromium balance in 
man indicated a very strong deficit when 
the absorption rate for chromic chloride is 
assumed to be the same as for food chrom- 
ium.^ ^ For example, this rate of absorp- 
tion of the average dietary chromium in- 
take of 50 to 100 ug per day in the U.S. 
would supply only 0.25 to 0.5 /ug of the 7 
to 10 Mg that are excreted daily in the 
urine. Such an imbalance would result in 
depletion of the chromium stores within a 
few years, incompatible with the presence 
of measurable chromium concentrations in 
the tissues throughout life. 

This apparent contradiction can be re- 
solved by postulating that certain chrom- 
ium compounds in foods must be absorbed 
better, be transported in a different way, 
and have access to body pools inaccessible 
to "simple” chromium compounds. Experi- 
ments with extracts from Brewer's yeast 
grown in a ^ ^ Cr-enriched medium sug- 
gested that the yeast was able to transform 
the "inorganic" chromium chloride into a 
form that more nearly met the criteria of 
an essential element. As an example, one of 
the earliest experiments established that in- 
organic chromium, added to chromium- 
depleted Brewer's yeast significantly stimu- 
lated the rate of CO 2 production, but only 
after a lag phase of 3 to 16 hours. When 
extracts of Brewer's yeast that had been 
allowed to accumulate chromium, were 
added to chromium-depleted yeast, the 


*This increase, a very important part of chromium metab- 
olism, has been observed by several independent investi- 
gators.^'^ Others, using a direct method of chromium 
determination in the graphite furnace, have reported the 
opposite: a decrease of chromium concentrations, fol- 
lowing a glucose challenge. For reasons to be dis- 
cussed later, this reviewer accepts the increase as real. 

130 NUTRITION REVIEWS/VOL 33, NO. 5/MAY 1975 


Stimulation of CO 2 production appeared 
immediately.^ ° Subsequently, ex- 

tracted from Brewer's yeast was shown to 
be better absorbed than chromic chloride 
by the rat, to be transported across the 
placenta, to have a different tissue distribu- 
tion, and to have access to that pool that is 
the source of the acute plasma increment in 
response to insulin. 

These observations were the basis for the 
theory that there exist two categories of 
chromium compounds in nature. The first 
consists of "simple" compounds, for ex- 
ample, chloro, aquo, or acetato coordinate 
compounds or complexes, as well as a large 
number of complexes having organic acids, 
amino acids, sugars, or certain vitamins as 
ligands. These can have a measured degree 
of insulin potentiating activity in vitro, but 
they do not meet the criteria of an essential 
element discussed above. The second cate- 
gory consists of compounds with outstand- 
ing insulin potentiating activity in vitro and 
with a metabolic behavior described above 
for yeast chromium. This latter category is 
termed glucose tolerance factor; it may 
consist of one or several closely related 
compounds. Attempts in the past to find 
known or newly synthesized compounds 
with GTF activity were consistently un- 
successful. Therefore, it was attempted to 
concentrate, purify, isolate, and identify 
the chromium compound(s) from the 
richest known source of GTF: Brewer's 
yeast. A relatively simple procedure was 
developed which not only concentrated 
chromium, but also biological activity, as 
measured by the potentiation of insulin in 
chromium-deficient rat epididymal adipose 
tissue in vitro. 

The results of this work consistently 
pointed to a substance of low molecular 
weight, water soluble, heat stable in solu- 
tion, and absorbing at 262 nm, as being 
associated with biological activity and with 
part of the chromium content of the prepa- 
rations. Nicotinic acid was identified by 
mass spectrometry as the compound asso- 
ciated with chromium. Chromium-nicotinic 
acid complexes were synthesized. They 
exhibited the same, strong insulin potentia- 



ting effects as the extracts from Brewer's 
yeast. A method for synthesizing these 
compounds from chromic acetate and 
niacin in 80 percent ethanol has been de- 
scribed. The reaction product is purified by 
J adsorption on a cation exchanger and sub- 
sequent elution by NH4OH. The ammonia 
eluate contains a substance or a mixture of 
substances of intense blue-violet color with 
a strong absorption of 262 nm.^^ The 
color develops only after boiling the re- 
action mixture, and it is distinctly different 
from that of chromic acetate. This indi- 
cates complex formation, and the presence 
of the 262 nm absorption band in the 
colored compound after several separation 
steps is indicative of a chromium-nicotinic 
acid complex. The exact structure has not 
been identified yet but, in analogy to well 
known nicotinic acid complexes of other 
transition metals, is probably that of a 
tetra-aquo, di-nicotinato chromium (III) 
complex of the hypothetical structure 
shown in Figure 1 . 


Figure 1. Tetra-Aquo-Di-Nicotinato Chromium Complex 



As is true for most aquo complexes of 
chromium, this compound is unstable in 



solution, except at acidic pH. In a near 
neutral milieu it begins to precipitate and, 
with time, turns into an insoluble substance 
of greenish-grey color, distinctly different 
from that of the original complex. This 
process is caused by hydrolysis of the co- 
ordinated water molecules and subsequent 
formation of OH-Cr-OH bridges '(olation), 
leading to the formation of large marcro- 
molecules.^ Before becoming insoluble, the 
complex (or mixture of complexes) has 
distinct biological activity in the epi- 
didymal fat pad system. Even with this 
relatively simple structure, and assuming 
that only the complex represented in Fig- 
ure 1 is formed, there are two possible 
isomers, a cis and a trans form. In view of 
the stability of many stereoisomers of 
chromium complexes, it is likely that these 
two isomers will have different biological 
properties. 

Although the niacin-chromium-niacin co- 
ordination imparts high biological activ- 
ity to the metal, there is no known mech- 
anism by which such a complex could exist 
at the alkaline pH of the organism for more 
than a few hours. Stabilization can be 
achieved by replacing the coordinated 
water molecules with ligands not under- 
going olation. Analysis of highly purified 
GTF preparations from yeast had indicated 
the presence of glycine, glutamic acid, and 
a sulfur containing amino acid. Reacting 
these amino acids with the preformed 
chromium-niacin complex resulted in com- 
pounds of great stability against alkali and 
heat, and of biological activity equal to or 
greater than that of the tetra-aquo, di- 
nicotinato chromium complex. Other 
amino acids replacing the water molecules 
have given similar stability without, how- 
ever, yielding complexes of the same high 
biological activity. Although the reaction 
product is further purified by ion exchange 
chromatography, as described above, it is 
most likely a mixture of closely related 
compounds, as there are numerous ways in 
which five ligands can be coordinated. At- 
tempts to isolate and crystallize one well 
defined component have not yet been suc- 
cessful. 
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Biochemistry of Natural and Synthetic 
Compounds with GTF Activity 

The behavior of the synthetic com- 
pounds during purification is similar or 
identical to that of purified fractions from 
Brewer's yeast containing GTF activity. 
For example, both preparations are re- 
tained by Dowex-50 resin, and most of the 
biological activity and part of the total 
chromium is eluted by NH 4 OH. A second 
fraction containing most of the chromium 
but little biological activity, is eluted by 
concentrated acid. The fractions containing 
high biological activity, natural or syn- 
thetic, have the same elution volume upon 
gel filtration and the same Rf upon paper 
chromatography. Finally, the elution pat- 
terns of ^ ^ Cr in yeast extracts and of ^ ^ Cr 
in synthetic complexes from cation ex- 
change resins are nearly identical. That 
the strong potentiation of insulin in vitro 
depends on the coordination of nicotinic 
acid to chromium is shown by the ineffect- 
iveness of other pyridine carboxylic acid 
derivatives as ligands, and of other transi- 
tion elements as substitutes for chromium. 
Nicotinic acid by itself has a measured 
degree of activity in vitro, but significantly 
less than the chromium complex. 

A very important development, extend- 
ing beyond the previously known effects of 
GTF in chromium-deficient animals is the 
recent observation that GTF concentrates 
from Brewer's yeast significantly reduce 
the elevated blood levels of glucose, tri- 
glycerides, and cholesterol of genetically 
diabetic mice, upon intraperitoneal inject- 
ion.^'^ Synthetic chromium-niacin com- 
plexes were also shown to lower blood glu- 
cose levels in these animals; the onset of 
the effect was observed after only one 
hour, as compared to four hours for the 
yeast concentrates.^^ Experiments to de- 
termine the effect of the synthetic com- 
plexes on serum triglycerides and choles- 
terol are not yet complete. 

The best known mode of action of com- 
pounds with GTF activity, synthetic or 
derived from yeast, namely the potentia- 
tion of insulin, is postulated to be mediated 
through the formation of a ternary com- 
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plex between chromium, insulin, and in- 
sulin receptors of cell membranes. This 
mechanism would explain all of the known 
effects of GTF in insulin responsive 
systems. While this ternary complex is 
hypothetical there does exist experimental 
proof for the formation of complexes 
between insulin and natural, as well as 
synthetic GTF compounds. These form and 
are quite stable at alkaline pH and can be 
separated from free GTF by gel filtra- 
tion^® or precipitation. These findings, of 
course, do not exclude other potential 
modes of action of inorganic or GTF 
chromium. 

Metabolism of Glucose Tolerance Factor 

As discussed previously, GTF chromium, 
as produced by Brewer's yeast, differs in its 
metabolism from simple chromium com- 
pounds in intestinal absorption, tissue dis- 
tribution, access to a special chromium 
compartment, and placental transport. 
Synthetic chromium-niacin complexes, 
although having equal or better insulin 
potentiating activity in vitro than yeast 
extracts, are not fully equivalent to the 
latter in their metabolic behavior. Although 
they are better absorbed by a factor of 
three or four than are simple chromium 
compounds, they fall short of the 10 to 25 
percent absorption of yeast extracts. The 
synthetic complexes have a tissue distri- 
bution different from that of simple 
chromium compounds, but not identical to 
that of yeast chromium. They do have 
access to the special compartment which is 
the source of the acute plasma chromium 
increment in response to insulin, similar to 
yeast chromium.^ ^ The question of placen- 
tal transport is not yet resolved. These 
observations are consistent with the hy- 
pothesis that the synthetic preparations 
now available are mixtures of closely re- 
lated compounds of which only one 
behaves like yeast chromium, whereas the 
others do not and may even mask the 
effect of the former. 

The synthetic complexes are utilized as 
well as free nicotinic acid by the niacin- 
deficient rat, with approximately 15 mg of 


the vitamin per kilogram of diet producing 
near maximal growth effects, whether free 
or bound in the complex. Niacin by itself 
and within a physiological range of con- 
centrations does not affect glucose toler- 
ance of rats, whereas the complex does. 
The toxicity of the complex is low. The 
acute LDgg, upon intravenous injection in 
rats is 1 g per kilogram of body weight, 
corresponding to approximately 60 mg of 
chromium. This compares to an LD^q of 
18 mg chromium as chromalum. Experi- 
ments attempting to demonstrate chronic 
toxicity of the synthetic compounds (up to 
4.6 g per kilogram of diet) are in progress, 
but have not yet produced adverse signs.^® 

Analysis of Chromium 

In view of the great differences in ab- 
sorbability, metabolism, and biological 
action between the two categories of 
chromium compounds, even a reliable 
analysis of total chromium in tissues has 
little value to the nutritionist. Unfortu- 
nately, reliable and universally accepted 
methods to determine chromium in bio- 
logical materials do not yet exist, in spite 
of considerable effort by organizations 
such as the International Atomic Energy 
Agency, the World Health Organization, or 
the National Bureau of Standards. It 
appears that each substrate presents its own 
analytical problem, predominantly related 
to sample preparation. The biological sub- 
strates that present the greatest difficulties 
are those with substantial GTE content 
such as yeast, liver, and meats, whereas 
materials with little GTE activity, such as 
the National Bureau of Standards' orchard 
leaves, are analyzed much more easily and 
with more agreement among different 
methods. It is not known what the reasons 
for these difficulties are. Volatility of 
chromium in certain foods during oven 
drying at 80° C has been reported,®® but 
the formation of refractory species cannot 
be ruled out. One interlaboratory com- 
parison reported chromium concentrations 
in one standard tissue that differed by a 
factor of thirty.®® Ten- and three-fold 
differences of results have been obtained 


under controlled conditions in one labora- 
tory for molasses®® and urine,®® respec- 
tively, depending on the method of diges- 
tion. 

There is a method, however, to estimate 
the state of chromium nutrition of indi- 
viduals with some confidence. As the 
chromium absorbed into the organism is 
almost entirely excreted in the urine,®® the 
urinary chromium loss furnishes a rough 
estimate of an abnormal metabolism. In the 
experience of this reviewer, chromium in 
the urine can be determined accurately if 
the analysis is preceded by careful ashing in 
an activated oxygen medium. The daily 
excretion is abnormally high in diabetic 
children treated with insulin,®® and ab- 
normally low in Turkish subjects living in 
an area of suspected chromium defic- 
iency.®'® More important, perhaps, than the 
daily loss is the presence or lack of an acute 
increase in urinary chromium excretion fol- 
lowing an oral glucose load. This increase 
which probably reflects the increase of 
chromium in blood, can be detected by 
careful analysis in chromium-sufficient 
subjects,®®'®® but not by direct applica- 
tion of the sample to the graphite 
furnace. The lack of this increment sug- 
gests exhaustion of the stores of biologi- 
cally important chromium in the organism; 
its presence indicates an acceptable nutri- 
tional status. Similar to the controversy 
concerning the acute chromium increment 
in blood, there are conflicting views as to 
urinary chromium, following a glucose 
challenge.®®’®®' These apparent discrepan- 
cies emphasize the need for a standardized 
method of chromium analysis. 

Conclusion 

This review reveals the many gaps in our 
knowledge of chromium metabolism. These 
can best be summarized in an attempt to 
classify the biologically active form of this 
element, GTE, according to accepted cate- 
gories. While GTE is an essential micro- 
nutrient, it does not fit the description of 
either a typical trace element or a typical 
vitamin. It differs from other trace ele- 
ments in the strict dependence of its action 
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and availability on the chemical structure 
in which the element is bound. GTF may 
be a vitamin for the pregnant rat which 
depends on it for placental transport, and 
perhaps for some adult human subjects 
who cannot utilize inorganic chromium, 
but not for the malnourished child who 
immediately responds to chromic chloride. 
Chromium in its biologically active form 
resembles a hormone, by being released 
into the blood in response to a physio- 
logical stimulus (insulin) and being trans- 
ported to the periphery where it exerts a 
marked biological action by facilitating a 
reaction which, in its absence, would occur 
at a much lower rate. A very powerful regu- 
lator of carbohydrate metabolism can be 
extracted from the liver, but not from 
other organs of rats, after a glucose chal- 
lenge,^^ and these extracts have biological 
and chemical properties very similar to 
natural and synthetic GTF preparations. 
From these considerations the following 
hypothesis can be developed as a summary 
of this review. Glucose tolerance factor 
occurs preformed in certain foods and can 
be utilized directly by animals and man. 
Man has a varying ability to synthesize 
GTF from inorganic chromium, niacin, and 
amino acids, with the result that different 
subjects depend on preformed GTF to a 
different degree. The site of synthesis may 
be the intestinal flora or a special tissue in 
the organism, possibly the liver. In response 
to acute increases of insulin in the blood, 
GTF is released and exerts its action, the 
potentiation of insulin at the target 
organs. □ 
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DIET, INTESTINAL FLORA, 
AND COLON CANCER 


The daily fecal excretion of neutral sterols and of bile acids is much higher 
in people consuming a typical American diet than in vegetarians. Most of the 
sterols In typical Americans are converted to other products by bacteria! action. 
The degree of conversion, however, is limited in some individuals and 
apparently not related to diet. 


Key Words; diet, sterols, bile acids, carcinogens, 
colon cancer 

The incidence of cancer of the coloa varies 
greatly in different populations. Generally 
speaking the incidence is high in economi- 
cally favored populations who consume 
diets high in animal products, fat, sugar, 
and processed foods and low in those pop- 
ulations consuming high cereal diets. D. P. 
Burkitt^ developed the thesis that these 
differences may be explained on the basis 
of the fiber content of the diets. A high 
fiber diet produces a larger volume of 
stools and stimulates the passage of ma- 
terial through the intestine. Carcinogenic 
materials in the intestine would thus have a 
shorter contact time and less opportunity 
to promote the development of cancer. 

An alternative or supplementary thesis is 
that the high meat-low fiber diet results in 
the production of more carcinogens in the 
lumen contents, possibly derivatives of 
sterols and bile acids. The data of M. J. Hill 
et al.^ suggested a correlation between high 
concentrations of neutral sterols and bile 
acids in the feces and the incidence of 
colon cancer. Although some bile acids 
have produced sarcomas at the site of in- 
jection,^’^ there is also evidence that in- 
testinal microflora might produce carcino- 
gens from bile acids. Thus, the nature of 
the diet influences both the type and 
number of the intestinal flora. The deriva- 
tives of bile acids and sterols produced by 
the microflora may also be etiologic factors 
in cancer of the colon. 


B. S. Reddy and E. L. Wynder® investi- 
gated the amount and composition of the 
fecal sterols and bile acids in several United 
States populations with rather different 
dietary habits. These included Americans 
consuming the usual diet, so-called vege- 
tarians consuming diets without meat but 
which did contain milk, Seventh-Day ad- 
ventists also consuming a largely vegetarian 
diet but with milk and eggs, recent Jap- 
anese migrants in the United States still 
consuming a more or less typical Japanese 
diet which contains fish but only small 
amounts of meat, milk, and eggs, and 
recent Chinese migrants also consuming a 
diet low in animal products. The sterols 
measured were cholesterol, coprostanol, 
and coprostanone— the latter being micro- 
bial degradation products of cholesterol. 
The total of these fecal sterols was much 
higher in typical Americans, 817 mg per 
day on the average. The vegetarians pro- 
duced a total of 318 mg per day and the 
other groups still less with the Chinese pro- 
ducing the least, 195 mg per day. In con- 
trast the total cholesterol in the feces of 
the typical Americans was the least, only 
30 mg per day. Thus, although the total 
sterol in the feces of the typical Americans 
was much higher than in the other groups, 
most of it had been converted to copro- 
stanol and coprostanone. The authors 
compute the percent of cholesterol de- 
graded as 

coprostanol + coprostanone 
total neutral sterol 


136 NUTRITION REVIEWS/VOL 33, NO. S/MAY 1975 





In the typical Americans this yields a value 
of 96 percent and ranges downward in the 
other groups to 46 percent in the Japanese. 

Cholic acid, deoxycholic acid, and litho- 
cholic acid were estimated. The amounts of 
all three bile acids were higher in the feces 
of the typical Americans with a total of 
256 mg per day. 

The authors also measured the amount 
of microbial beta-glucuronidase in the 
feces. This enzyme is not thought to have 
any particular function related to carcino- 
genesis but was used simply as an indicator 
of the amount of microbial activity. The 
activity in the feces of those consuming the 
typical American diet was much higher 
than in the other groups and ranged down 
to the lowest values in the feces of the 
Japanese and the Chinese. 

Thus, it is concluded that the data are at 
least consistent with the hypothesis that 
large amounts of intestinal sterol and bile 
acids are produced by the American diet 
and there is extensive microbial action 
which modifies sterols and might produce 
carcinogenic materials. 

An interesting extension of these kinds 
of studies has been reported by T. D. 
Wilkins and A. S. Hackman.® They studied 
the fecal neutral sterols in 31 volunteers 
using gas liquid chromatography which 
allowed the estimation of both cholesterol 
and the plant sterols, sitosterol and camp- 
esterol, and their degradation products. 
The 31 subjects could be divided into two 
rather well-defined groups. One group con- 
taining 23 subjects was characterized by 
extensive conversion of cholesterol, sitos- 
terol, and campesterol by the intestinal 
flora while the other group was character- 
ized by little or no conversion. For ex- 
ample, of the high converters, all converted 
more than 60 percent of the cholesterol 
and 13 of the 23 converted more than 90 
percent. Of the low converters, seven con- 
verted less than 20 percent. 

Sixteen of the subjects— ten high con- 
verters and six low converters— were fol- 
lowed over periods up to 22 months to ex- 
amine the stability of the sterol pattern in 
the feces. One of the low converters, on the 
basis of the initial examination, became a 



high converter and occasional samples in 
other subjects were not consistent with the 
usual findings. Yet it seems fairly clear 
from the data that over this period most of 
the subjects remained either high or low 
converters of the intestinal sterols. 

l\lo dietary data are reported for these 
subjects. It is stated that "All were on a 
normal American diet." The fact that the 
total sterols of plant and animal origin were 
approximately the same in the feces of the 
two groups indicates that their diets were 
of similar composition. 

Thus, although it is clear that the nature 
of the diet affects the microflora of the 
intestine and these may have beneficial or 
detrimental effects, the differences within 
population groups point to a relationship 
that is more complex than might be sus- 
pected. 

No doubt the etiology of cancer of the 
colon when it is understood will prove to 
be complex. The epidemiologic evidence 
implicating the diet is strong. The two 
primary hypotheses at the moment, one at- 
tributing a preventive role to diets high in 
dietary fiber, and the other attributing a 
casual role to high intakes of animal pro- 
ducts, are both consistent with the evi- 
dence and the practical implications are the 
same. □ 
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STUDIES ON SELENIUSVi 


The principal sources of selenium in the human diet are cereals, followed 
by meat, poultry, and fish, and then the dairy products. Selenium is 
incorporated into the teeth either from inorganic or organic compounds 
with the major amount being found in the protein matrix of the 
enamel and dentin. 


Key Words; selenium, human foods, tooth devel- 
opment, dental caries 

Current interest in selenium varies from 
concern about the adequacy of human di- 
etaries for ail age groups to the desire to 
know whether slightly elevated levels of 
selenium ingestion may alter the formation 
of the teeth to cause them to be more sus- 
ceptible to dental caries. 

In an effort to evaluate the amount of 
selenium available for consumption, J. N. 
Thompson and co-workers determined the 
selenium content of food groups and com- 
posite diets based on the average distribu- 
tion of foods consumed by Canadians.^ 
Samples of 86 individual foods in Winnipeg 
and in Halifax and two samples of each in 
Toronto were purchased in proportion to 
their per capita rate of disappearance from 
the market place on a nationwide basis. 
The foods were trimmed, cooked in typical 
ways, and pooled in the appropriate pro- 
portions into the following 11 groups: 
dairy products; meat, poultry, and fish; ce- 
real products; potatoes; leafy vegetables; 
legumes; root vegetables; garden fruits; 
other fruits; oil and fats; and sugar and ad- 
juncts. The daily selenium contribution to 
the diet was determined for each of these 
food groups. In addition, a composite diet 
was prepared by mixing the 11 groups in 
the appropriate amounts for Winnipeg and 
Halifax and two composite diets in the 
same way for Toronto. The four composite 
diets were also analyzed for selenium. The 
authors also calculated the selenium con- 
tent of the “average" Canadian diet from 
published values of selenium concentration 
in Canadian foods and the per capita rate 
of disappearance of fresh foods. Water and 
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Other drinks were omitted from all of these 
comparisons on the basis that the authors 
considered these fluids to supply negligible 
amounts of selenium. This decision may be 
entirely appropriate, presuming that the 
water supplies in Winnipeg, Halifax, and 
Toronto are known to contain negligible 
amounts of selenium. However, in areas 
where communal water contains selenium 
in appreciable amounts, the amount from 
this source in the human dietary would also 
need to be calculated. 

The calculations based on previously 
available data yielded food consumption of 
1,646 g per person per day, providing 
196.6Mg selenium per day. The four com- 
posite diets weighed 1,570 to 1,659 g per 
person per day. Analyses of the selenium 
contents of the 1 1 food groups used to 
make the composite diets from Winnipeg, 
Halifax, and Toronto #1 and #2 indicated 
180.8, 224.2, 98.3, and 148.5 m 9 selenium 
per daily portion, respectively. The vari- 
ation from diet to diet, especially between 
the two Toronto diets, was surprisingly 
high since they were composite diets. These 
selenium values vary from 0.06 to 0.14 pg 
per gram of fresh diet. 

The largest amount of selenium in all 
four diets was provided by the cereal pro- 
ducts in Group 3, next by the meat, poul- 
try, and fish in Group 2, and then by the 
dairy products in Group 1. The dairy pro- 
ducts in the Winnipeg and Halifax diets 
provided four to five times the amount of 
selenium as in the two Toronto diets. In 
addition, the meat, poultry, and fish in the 
Winnipeg and Halifax diets contained two 
to three times as much selenium as the 
Toronto diets. The other eight food group- 




ings provided rather trivial amounts of sel- 
enium. The total values for the composite 
diets compared fairly well with the average 
daily selenium intake in the northeastern 
United States of 60 to 150 tig which was 
reported by H. A. Schroeder and co-work- 
ers.^ 

The possibility of a selenium deficiency 
in Canadian adults was considered by these 
authors to be remote. They expressed con- 
cern, however, that deprivation in infancy 
was possible due to the low amounts of 
selenium in milk and other dairy products. 

Shearer studied the uptake of inorganic 
and organic selenium from drinking water 
by the fully developed molar teeth and the 
developing incisor teeth of pregnant rats 
and by the developing molar and incisor 
teeth of their offspring.^ Selenium was pro- 
vided from the tenth day of pregnancy to 
parturition either as an 0.2 ppm solution of 
selenomethionine to ten rats or of sodium 
selenite to nine rats tagged in both in- 
stances with ^^Se. Distilled water was pro- 
vided to the rats from parturition for 13 
days at which time the dams and their off- 
spring were sacrificed and samples prepared 
for selenium analyses. The time of sacrifice 
was determined so that the first and second 
molars of the offspring would not have 
erupted. For the rats provided with seleno- 
methionine, 22.1 percent of the ingested 
dose was retained with one-half in the car- 
casses of the mothers and one-half in the 
offspring; for the rats fed sodium selenite, 
only 14.1 percent of the ingested dose was 
retained with slightly more than half in the 
bodies of the mothers. 

In the rats provided with selenometh- 
ionine, the developing molars of the off- 
spring incorporated almost eight times as 
much selenium on a weight basis as the 
fully-formed molars of the mothers. This 
ratio is not surprising due to the rapid de- 
velopment of molars in the offspring of this 
age and the lack of molar development in 
the mothers. The developing incisors of the 
offspring had incorporated almost identical 
amounts of selenium to the molars; the 
ratio of selenium in the offspring's incisors 
to that in their mothers' incisors was 1 :6. 


The incisors of the mothers, however, con- 
tained over five times the selenium of their 
molars. The latter observation is an inte- 
resting confirmation that the incisor of the 
adult rat is continuously erupting as enamel 
and dentin are being formed throughout 
life at the germinative center. 

Among the rats provided with sodium 
selenite the incorporation of selenium into 
the molars of the offspring was only half 
that observed with selenomethionine; the 
amount incorporated into molars of the 
mothers was about half that in the off- 
spring. The ratio of selenium in the incisors 
was about 2.0 times in the offspring for the 
amount in the mothers. Both values were 
substantially higher for incisors than for 
molars in the same rats, but were a little 
lower than for incisors in the rats provided 
with selenomethionine. 

Among both the mothers and their off- 
spring provided with either selenometh- 
ionine or sodium selenite, the highest per- 
cent of the ingested dose per lOOg of 
tissue was found in the liver and kidney, 
followed by spleen, heart, blood, and lungs. 
The authors stated that the selenium levels 
in milk in the stomachs of the offspring 
were routinely low, suggesting that the se- 
lenium had come from placental rather 
than mammary transfer. Except for teeth 
and bone, more selenium was present in all 
maternal tissues than in those of the off- 
spring. 

Both enamel and dentin from developing 
and developed teeth incorporated selenium 
either from selenomethionine or from 
sodium selenite. In all comparisons dentin 
values were higher than enamel. The in- 
corporation of selenium into both enamel 
and dentin of developing molars was signif- 
icantly higher from selenomethionine than 
from sodium selenite, while the reverse was 
true postdevelopmentally. 

When selenium was provided as sele- 
nomethionine, over 79 percent of the total 
selenium in the developing enamel was lo- 
cated in the protein fraction, which is only 
about 2 percent by weight of the enamel; 
almost 95 percent of the selenium in dentin 
of these developing teeth was in the protein 
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fraction. In developed molars of the 
mothers, almost as high a percent of selen- 
ium was incorporated from selenometh- 
ionine into the protein fraction. When se- 
lenium was provided as sodium selenite, 
comparable amounts were incorporated 
into the protein fractions of enamel and 
dentin from developing teeth as was ob- 
served with selenomethionine. However, 
postdevelopmentally much less selenium 
was incorporated into the protein fraction 
of either enamel or dentin when sodium 
selenite was the source. 

The selenium in the protein fraction was 
present either in the form of selenotri- 
sulfides (R-S-Se-S-R) which were removed 
by treatment with dilute sodium hydroxide 
and mercaptoethanol, or in a more stable 
form which could not be removed from the 
enamel and dentin proteins under the con- 
ditions of the experiment. In developing 
enamel and dentin, 41 and 66 percent of 
the total selenium was in this stable form 
when selenomethionine was fed and 40 and 
55 percent when sodium selenite was pro- 
vided. Postdevelopmentally the values were 
similar for enamel and dentin after seleno- 
methionine administration but were much 
lower when sodium selenite was given. 

The results in this paper for sodium se- 
lenite in drinking water are very similar to 
those obtained by Shearer and Hadjimarkos 
when sodium selenite was injected sub- 
cutaneously four times during the last 12 
days of pregnancy 

The author did not study mineralization 
of the teeth in the offspring in this experi- 
ment or carry any of the offspring to an 
age when their caries susceptibility could 
have been determined. These areas need 
further careful investigation. He draws at- 
tention to the three epidemiological sur- 
veys in the western United States®'^ and 


the additional one in Russia® where an 
association between either the selenium 
concentration in drinking water or in urine 
or in teeth and dental caries was reported. 
In addition, an experiment with monkeys 
supplemented with selenium indicated an 
increased caries activity.® He postulated 
that increased selenium, in the protein frac- 
tion of enamel especially, may alter the 
quality of mineralization and therefore the 
caries susceptibility of the teeth. □ 
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A THEORY OF PROTEIN METABOLISM. 

By OTTO FOLIN; 

[From the Chemical Laboratory of the McLean Hospital for the Insane, 
Waverley, Massachusetts,] 

I N the preceding paper^ on “Laws Governing the Composition of Urine, it waf 
shown that urine obtained from normal persons does not necessarily exhibit an> 
such constancy in composition as has been supposed to be the case. The analytical 
results recorded in that paper prove that quantitative changes in the daily protein 
katabolism are accompanied by pronounced changes in the distribution of the 
urinary nitrogen and sulphur, and that the variations occur according to laws that 
can be formulated with a fair degree of precision. 

o © o 

We have at present two fundamentally different theories concerning the nature 
of protein metabolism, namely, that of Pfiuger and that of Voit. The theory of 
Pfliiger is essentially a modification of an earlier one advanced by Liebig, and is 
very old. The theory of Voit was first formulated in 1867, after the original theory 
of Liebig had become untenable, and for a long time Voit’s theory enjoyed almost 
universal acceptance, althougli it, too, had to be modified in order to be consistent 
with the facts brought out by Pfiuger, Since 1893 Voit’s theory may be said to have 
lost ground. In that year Pfiuger^ published an exceedingly searching criticism of 
nearly all the facts which Voit had advanced in favor of his theory, and showed that 
they were either erroneous or capable of a different interpretation. This criticism, 
accompanied as it was by the experiments of Schondorff, has never been refuted. 





The two theories are brieily as follows: According to Voit, the protein of the 
absorbed food passes through the blood to the different tissues and cells, and is 
there katabolized under the influence of the living protoplasm, but without first 
becoming an integral part of the latter. Voit’s fundamental conception seems to me 
to be that the living protoplasm is in a state of suspension, the “circulating protein’' 
is in solution, and the chemical decompositions that constitute protein katabolisin 
take place only in solution. The small amount of living protoplasm which dies in 
the course of twenty-four hours is at first only dissolved, thereby becoming a part 
of the circulating protein derived directly from the food. 

Pfluger, on the other hand, believes that there is a very decided chemical dif- 
ference between circulating protein and living protoplasm. The former is compara- 
tively stable toward oxidizing reagents, while the latter is in a very unstable equi- 
librium and is particularly susceptible to oxidation. All the protein katabolized is 
first transformed into bioplasm, becomes an integral part of the living tissue, and 
only as such undergoes the oxidation that is supposed to constitute the most 
fundamental chemical decomposition of protein katabolism. 

© 0 © 

We have seen from the tables that the composition of urine, representing 15 gm. 
of nitrogen, or about 95 gm. of protein, differs very widely from the composition 
of urine representing only 3 gm. or 4 gm. of nitrogen, and that there is a gradual 
and regular transition from the one to the other. To explain such changes in the 
composition of the urine on the basis of protein katabolism, we are forced, it seems 
to me, to assume that katabolism is not all of one kind. There must be at least two 
kinds. Moreover, from the nature of the changes in the distribution of the urinary 
constituents, it can be affirmed, I think, that the two forms of protein katabolism 
are essentially independent and quite different. One kind is extremely variable in 
quantity, the other tends to remain constant. The one kind yields chiefly urea and 
inorganic sulphates, no kreatinin, and probably no neutral sulphur. The other, the 
constant katabolism, is largely represented by kreatinin and neutral sulphur, and to 
a less extent by uric acid and ethereal sulphates. The more the total katabolism is 
reduced, the more prominent becomes these representatives of the constant kata- 
bolism, the less prominent become the two chief representatives of the variable 
katabolism. 

The fact that the urea and inorganic sulphates represent chiefly the variable 
katabolism does not preclude the possibility that they also represent to some extent 
the constant katabolism; but I have reason to believe that it is possible to plan 
feeding experiments wliich will yield urines containing very much smaller per cents 
of these two constituents than I have yet obtained. We know from the experiments 
of Siven that it is possible to reduce the total protein katabolism still more, and I 
am confident that in such cases the per cent of urea-nitrogen will sink still lower, 
and that the nitrogen of the other constituents, particularly of the kreatinin, will 
again show a corresponding increase. 



If there are two distinct forms of protein metabolism represented by two dif- 
ferent sets of waste products, it becomes an exceedingly interesting and important 
problem to determine, if possible, the nature and significance of each. The fact that 
the kreatinin elimination is not diminished when practically no protein is furnished 
with the food, and that the elimination of some of the other constituents is only a 
little reduced under such conditions, shows why a certain amount of protein must 
be furnished with the food if nitrogen equilibrium is to be maintained. It is clear 
that the metabolic processes resulting in the end products which tend to be con- 
stant in quantity appear to be indispensable for the continuation of life; or, to be 
more definite, those metabolic processes probably constitute an essential part of 
the activity which distinguishes living cells from dead ones. I would therefore call 
the protein metabolism wliich tends to be constant, tissue metabolism or endo- 
genous metabolism, and the other, the variable protein metabolism, I would call the 
exogenous or intermediate metabolism.^ 

The endogenous metabolism sets a limit to the lowest level of nitrogen equi- 
librium attainable. Just where that level is fixed will depend on how much, if any, 
urea is derived from the same ketabolic processes that produce the kreatinin. If this 
can be determined, we shall have a formula expressing more or less definitely the 
point of lowest attainable protein katabolism, because at such a point the per- 
centage composition of the urine should be practically constant. 

The total nitrogen eliminated when this constant composition of the urine has 
been reached will indicate the lowest attainable level of nitrogen equilibrium. 
Whether or no such a level can actually be attained, or whether a certain amount of 
protein must not always fall prey to the exogenous metabolism, can only be settled 
by a great deal of experimental work. 



IRON AND THE REGULATION OF ERYTHROPOIESIS 


Recent work is reviewed suggesting that iron deficiency in suckling rabbits 
is contributory to early postnatal anemia. Tbe evidence against a similar 
factor operating in humans is discussed. 


Key Words: suckling rabbits, erythropoiesis, 
erythropoietin, anemia, iron therapy 

A fall in hemoglobin in the early postnatal 
period is a widespread phenomenon among 
mammals, including man. In a study of 25 
babies the mean hemoglobin levels fell to 
less than 1 2 g per 1 00 ml by the end of the 
second month. This was also accompanied 
by low numbers of erythroid precursors in 
the marrow.^ 

Several explanations have been offered 
to account for this. First, that oxygen de- 
livery to the tissues stays unimpaired since 
the oxygen dissociation curve of hemo- 
globin is shifted to the right,^ and for a 
given oxygen tension, more oxygen is de- 
livered to the tissues. The major substances 
present in the red cell causing such a shift is 
2, 3 diphosphoglycerate (2, 3 DPG). This 
substance has been documented as being 
increased in early postnatal life in man^ 
and in other animals.^ It must be said, 
however, that this may be putting the cart 
before the horse, since anemia per se can 
increase intracellular 2, 3 DPG, presumably 
as a compensatory mechanism, as can 
hypoxia from other causes. 

The second possible explanation of this 
'early anemia' is immaturity of the mech- 
anisms concerned. This could be imma- 
turity of the organs producing the erythro- 
cyte-stimulating factor (ESF), of the 
marrow itself, or of the receptors which 
provoke ESF production by detecting 
hypoxia. That is, there may be an alter- 
ation in the threshold level required to 
trigger ESF production. 
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Third, anemia during this period could 
be due to a lack of some essential require- 
ment for red cell production due to the 
limited diet ingested, i.e., milk, which is 
particularly low in iron content. 

Anemia is more severe in premature in- 
fants who start life with lower body iron 
stores.'^ Supplementation of the diet with 
iron prevents the development of later 
anemia in these infants and in term in- 
fants.^ However, there is less evidence of 
an effect of iron on the so-called 'physio- 
logical anemia' of early postnatal life. 

Experimental proof can most easily be 
sought in animals. The Halvorsens chose 
the rabbit for a study on ESF levels in 
suckling rabbits.® Baby rabbits were 

studied in the interval between birth and 
weaning at 20 days. They were the off- 
spring of mothers whose diet had been re- 
plete in iron for at least the last week of 
pregnancy. Normal hematological para- 

meters, i.e., hemoglobin, hematocrit, and 
reticulocyte counts were studied under 

varying conditions. The volume of red cells 
was measured by a standard ®^Cr labeling 
technique. Plasma ESF was assessed 

by measuring the stimulatory effect of 
plasma samples on the incorporation of 
®®Fe into red cells in mice whose innate 
erythropoiesis had been suppressed by 
anoxia-induced polycythemia. 

Regular intramuscular injections of iron 
in eight baby rabbits from day ten pre- 
vented the fail in hemoglobin that was 
maximal by day 20 in a control group of 
untreated rabbits. At this time the hemo- 
globin and hematocrit were 8.9 g percent 



and 30.4 percent on the average respec- 
tively in the latter group, in the iron- 
treated group, the same parameters were 
12.6 g percent and 48 percent. There was 
no significant difference in the mean 
corpuscular hemoglobin concentrations be- 
tween the two groups. The average volume 
of red cells on day 20 was 19 ml per kilo- 
gram in the control group and 31 ml per 
kilogram in the iron-treated group. 

ESF levels in the control rabbits were 
low until day 20 and then rose when the 
diet changed at weaning. Thus, although 
anemia develops over this period, there 
appears to be no compensatory stimulus 
for increased erythropoiesis. That animals 
of this age are capable of mounting such a 
response v\/as shown by exposing them to 
hypoxia. In the first two days of life no rise 
could be elicited but between day three 
and day 20, the ESF rose to levels com- 
parable to those attained by adult rabbits 
exposed to hypoxia. 

These experiments were extended to 
show the effect of additional iron supple- 
mentation. In spite of the marked rise in 
ESF, hypoxia without iron supplemen- 
tation had no great effect on increasing the 
volume of red cells. If, however, iron 
therapy was also given, the average volume 
was 40 ml per kilogram by day 20 
compared with 23 ml per kilogram for a 
group made hypoxic but not given iron. 

Blood loss also resulted in a rise of ESF 
values both at ten and 18 days of age. For 
example, an 18-day old rabbit with ESF 
levels producing 4.34 percent incorporation 
of a dose of ^®Fe, attained an increase to 
14.24 percent incorporation 18 hours after 
removal of 35 percent of its red cell 
volume. Thus, directly and indirectly in- 
duced tissue hypoxia can result in a rise in 
ESF at this age. 

I It seems, therefore, that at least in the 

rabbit, early anemia is in part due to iron 
lack, and is amenable to iron therapy. This 
is perhaps an unexpected result since there 
is evidence that in untreated rabbits there 
are plenty of iron stores in the liver at the 
end of the suckling period.^ Presumably 
these iron stores are not labile and not 
readily available. 


Caution must be exercised in extrapo- 
lating these conclusions to other species, 
particularly to human babies. Iron sup- 
plementation from birth does not appear to 
prevent the drop of hemoglobin in the first 
six weeks in man.® In the first months of 
life iron stores progressively accumulate® 
and much of this iron is derived from the 
catabolism of red cells responsible for the 
high hemoglobin levels at birth. In the first 
few months the developing anemia is norm- 
ochromic and not until about six months 
may it become hypochromic as rapid 
growth exhausts the iron stores. This is the 
stage in humans which can be obviated by 
supplementation with dietary iron. Eryth- 
ropoietin is not usually detectable in 
plasma between the second and 60th days 
of life.^° The human infant, like the rabbit 
is, however, capable of mounting a re- 
sponse to hypoxia since higher levels are 
found in cyanotic congenital heart dis- 
ease.^ ^ It seems that in man this early 
anemia is truly physiological, and accom- 
panied by delivery of a constant amount of 
oxygen to the tissues. In the rabbit, the 
situation is apparently less straightfor- 
ward. □ 
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FAO/WHO HANDBOOK ON 
HUMAN NUTRITIONAL REQUIREMENTS, 1974 
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Over the past twenty years, FAO/WHO 
have jointly convened eight meetings of 
expert groups which have reported on re- 
quirements for energy,^ protein,^ vitamin 
A,^ thiamine,^ riboflavin,^ niacin,^ as- 
corbic acid,^ vitamin D,^ vitamin 6^3/^ 
folates,^ iron,^ and calcium. In addition, 
a WHO Expert Committee on Trace Ele- 
ments in Human Nutrition reviewed the 
evidence concerning human needs for trace 
elements other than iron, iodine and fluo- 
rine.^ The reports deal with various aspects 
of the individual nutrients including bio- 
chemistry, physiology, evidence for roles in 
clinical medicine, the epidemiology of 
known deficiencies, and in some instances 
the ecology of man in relation to the food 
supply. 

A composite summary and commentary 
which deals with the total spectrum of 
these nutrients has been recently published 
by FAO and WHO® and is intended for the 
use of applied nutritionists, agricultural 
planners and food administrators, as well as 
teachers in colleges and secondary schools 
and those concerned with health education. 
The correlation of reports and drafting of 
the handbook was undertaken by Dr. R. 
Passmore, Mrs. D. L. Bocobo, Dr. B. M. 
Nicol, Dr. M. Narayana Rao, Dr. G. H. 
Beaton and Dr. E. M. DeMayer. 

Energy 

Carbohydrates, fats, proteins and alcohol 
are recognized energy sources. The con- 
sideration of energy requirements is pre- 
sented in both kilocalories (kcal) and in 
joules. These units are defined as: a kilo- 
calorie is the amount of heat required to 
raise the temperature of a liter of water 
from fifteen degrees centigrade to sixteen 
degrees centigrade; one joule is equal to the 
energy expended when one kilogram is 
moved through one meter by one newton 


(a force which accelerates one kilogram by 
1 m/sec^). The report states: 

"One kilocalorie is equal to 4.184 kilo- 
joules (kJ). The energy content of diets 
and the energy requirements of humans 
usually exceed 1 000 kJ and are generally 
expressed in terms of megajoules (MJ). 

"The following factors may be used for 
converting calories to joules and vice 
versa: 

1 kcal = 4.184 kJ 

1 000 kcal = 4 184 kJ 
1 000 kcal = 4.184 MJ 

1 kJ = 0.239 kcal 

1 000 kJ = 239 kcal 

1 MJ = 239 kcal 

"The approximate energy values of the 
body fuels are the following: for carbohy- 
drate, 4 kcal or 1 6.7 kJ per gram; for fat, 

9 kcal or 37.7 kJ per gram; for protein, 4 
kcal or 1 6.7 kJ per gram; and for alcohol, 

7 kcal or 29.3 kJ per gram. These are net 
values, allowing for the small losses of 
energy in the faeces and also for the 
energy lost in the urine in the form of 
urea and other nitrogenous end-products 
of protein metabolism which cannot be 
completely broken up in the body 

"The subject of the metabolism of 
alcohol in humans and laboratory animals 
has been investigated from time to time. 

The purpose of these studies has been to 
determine whether alcohol may serve the 
same purpose in the energy economy as 
ordinary carbohydrate does in saving pro- 
tein and in providing energy for muscular 
activity, the deposition of fat, and the 
generation of heat to maintain body 
temperature. 

"It has been observed that under con- 
ditions of moderate intake most of the 
potential energy of the ingested alcohol is 
available for muscular work and for the 
production of body heat. The partial re- 
placement of carbohydrate or fat in the 
diet by an amount of alcohol equal in 
energy content has also been shown to be 
effective in the synthesis of body tissue. 
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“The body can oxidize alcohol at a 
limited rate. A healthy, well-fed adult 
who in terms of body weight consumes 
alcohol in quantities of less than 2 g/kg in 
twenty-four hours oxidizes it at a con- 
stant but limited rate of about 100 mg/kg 
per hour. A 65-kg man and a 55-kg 
woman can thus obtain, respectively, 700 
kcal (2.9 MJ) and 525 kcal (2.2 MJ) daily 
from alcohol." 


The energy expenditure of adults has 
been estimated for a variety of occupations 
(Tables 1 and 2). The influence of body 
size and composition, age, and climate is 
briefly considered. The requirements 
during pregnancy and lactation are esti- 
mated (Table 4), as are the requirements of 
infants and children. 


Table 1 

Energy Expenditure of a 65-kg Reference Man 

Distributed over 24 Hours and Effect of Occupation 

Distribution 

Light 

Moderately 

Very 

Exceptionally 

of activity 

activity 

active 

active 

active 


kilo- 

mega- 

kilo- 

mega- 

kilo- 

mega- 

kilo- 

mega- 


calories joules 

calories joules 

calories joules 

calories joules 

In bed (8 hours) 

500 

2.1 

500 

2.1 

500 

2.1 

500 

2.1 

At work (8 hours) 

1 100 

4.6 

1 400 

5.8 

1 900 

8.0 

2 400 

10.0 

Nonoccupationa! activities 

700- 

3.0- 

700- 

3.0- 

700- 

3.0- 

700- 

3.0- 

(8 hours) 

1 500 

6.3 

1 500 

6.3 

1 500 

6.3 

1 500 

6.3 

Range of energy activities 

2 300- 

9.7- 

2 600- 

10.9- 

3 100- 

13.0- 

3 600- 

15.1- 

(24 hours) 

3 100 

13.0 

3 400 

14.2 

3 900 

16.3 

4 400 

18.4 

Mean (24 hours) 

2 700 

11.3 

3 000 

12.5 

3 500 

14.6 

4 000 

16.7 

Mean (per kg of body 









weight) 

42 

0.17 

46 

0.19 

54 

0.23 

62 

0.26 


Table 2 

Energy Expenditure of a 55-kg Reference Woman 

Distributed over 24 Hours and Effect of Occupation 

Distribution 

Light 

Moderately 

Very 

Exceptionally 

of activity 

activity 

active 

active 

active 


kilo- mega- 

kilo- mega- 

kilo- mega- 

kilo- mega- 


calories joules 

calories joules 

calories joules 

calories joules 

In bed (8 hours) 

420 1.8 

420 1.8 

420 1.8 

420 1.8 

At work (8 hours) 

800 3.3 

1 000 4.2 

1 400 5.9 

1 800 7.5 

Nonoccupational activities 

580- 2.4- 

580- 2.4- 

580- 2.4- 

580- 2.4- 

(8 hours) 

980 4.1 

980 4.1 

980 4.1 

980 4.1 

Range of energy expenditure 

1 800- 7.5- 

2 000- 8.4- 

2 400 10.1- 

2 800- 11.7- 

(24 hours) 

2 200 9.2 

2 400 10.1 

2 700 11.8 

3 200 13.4 

Mean (24 hours) 

2 000 8.4 

2 200 9.2 

2 600 10.9 

3 000 12.5 

Mean (per kg of body 





weight) 

36 0.15 

40 0.17 

47 0.20 

55 0.23 
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Protein 

The protein requirements are based upon 
the most recent (1971) Joint F AO/WHO 
Expert Group on Energy and Protein Re- 
quirements^ which considered data ob- 
tained by both the "factorial" approach as 
well as nitrogen balance studies. A'figure of 
0.57 grams and 0.52 grams per day per 
kilogram of body weight as a safe level of 
protein intake in terms of cow's milk or egg 
protein for an adult man or woman was 
agreed upon. The safe level of intake is 
intended to be the amount "necessary to 
meet the physiological needs and maintain 
the health of nearly all individuals in the 
group and is therefore higher than the 
average protein requirement." The nutritive 
value of mixed dietary proteins, generally 
lower than that of milk or egg proteins, is 
assessed by introducing a correction for 
protein quality in keeping with the formula 
shown in Figure 1. 

The handbook notes that "a strong 
warning should be sounded against the con- 
demnation of a food because, when eaten 
alone, its proteins do not have a high bio- 
logical value" and that "practical nutrition 
is concerned with the nutritive value of 
diets not of individual foods." 

The safe levels of protein intake when 
energy requirements are fully met are 
stated to be 37 grams per day for a ref- 
erence man weighing 65 kilograms and 25 
grams per day for a reference woman 
weighing 55 kilograms. Persons engaged in 
heavy manual work, where energy needs 
are greater, normally increase the intake of 
protein, but no satisfactory evidence of an 
increased protein need resulting from 
greater physical activity per se exists. The 
effects of infestations and infections are 
noted, but no quantitative estimates are 
attempted. The daily protein requirements 
per kilogram of body weight for a child 
during the first year of life are shown in 
Table 3. 


Table 3 — The daily protein requirements per 
kilogram of body weight of a child during 
the first year of life. 

Months Grams* 

<3 2.40 

3-6 1.85 

6-9 1 .62 

9-1 1 1 .44 

* In terms of milk or egg protein. 

Vitamins 

The relatively brief discussions of vita- 
mins are intended to familiarize the non- 
technical reader with the nutritional role of 
the substances rather than elaborate upon 
the basis of dietary requirements. An ex- 
ception to this is the explanation that 60 
mg of tryptophan is required to produce 
one mg of niacin and hence by definition, a 
niacin equivalent is equal to one mg of 
niacin or 60 mg of tryptophan. 

Iron 

The discussion of iron is more extensive. 
Key factors taken into account in estima- 
ting the requirements include the total 
daily loss of 0.9 mg of iron in an adult man 
weighing 65 kilograms. Absorption ranges 
from 10 to 30 percent of food iron, but for 
estimating absorption or iron in diets a 
weighted upper value of 20% has been 
taken as the percentage of iron absorbed 
from foods of animal and soybean origin. 
The contribution made by iron deficiency 
anemia to weakness, ill health and sub- 
standard performance of millions of per- 
sons throughout the world, and the esti- 
mates of intakes of iron are commented 
upon in part as follows: 

"Normal mixed human diets of good 
quality contain approximately 12-15 mg 
of iron, of which slightly more than 1 mg 
is absorbed. This amount is adequate for 
adult males, but it is inadequate for 
adolescent girls or women on diets of less 
than 10 percent calorie content from 


Figure 1 : 


Requirement of safe level of protein intake x protein value of egg 
dietary protein protein value of dietary protein 
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animal foods; for this reason the iron re- 
quirements for the latter have been set by 
the FAO/WHO Expert Committee at 24 
and 28 mg per day, respectively. Ob- 
viously it is difficult to design a diet 
which normally contains this amount of 
iron, and it is to be expected that under 
these circumstances a certain proportion 
of adolescent girls and menstruating 
women will not be able to meet their re- 
quirement without recourse to iron sup- 
plementation. 

“In certain affluent countries, notably 
In the U.S.A., where populations con- 
sume highly refined foods, normal diets 
have been found to contain 6-7 mg of 
iron, a level which is not high enough to 
satisfy the requirements. The iron levels 
in such diets can be improved by fortifi- 
cation. The availability of iron added to 
foods Is affected by the form of iron 
added, the nature of the vehicle, and the 
qualify of other dietary constituents. 

Most of the evidence suggests that ferrous 
sulphate, now being used in certain forti- 
fication programmes, is among the most 
available forms.” 

For the reader interested in the iron re- 
quirements for pregnancy and lactation, 
the Joint FAO/WFIO Expert Committee 
report on nutrition in pregnancy and lacta- 
tion can serve as a valuable reference. 

Iodine 

The use of iodized salt is regarded as the 
most successful and most widely adopted 
method for enhancing dietary iodine. A 
level of 0.01 percent potassium iodide or 
iodate or commercially iodized salt is ad- 
vocated, Based upon an estimated average 
adult use of 6 to 7 grams of salt daily, the 
resulting iodine intake would amount to 
0.48 mg. 

Fluoride 

The fluoridation of water supplies to 
bring the concentration of fluoride to 1 
ppm is advocated as a safe, economical and 
efficient way to reduce tooth decay, de- 
spite the fact that '"the subject is very liable 
to produce intense outbursts of irrational 
emotion at the local government level in 
many developed countries." The "average 
daily diet" is calculated to provide 0.25 to 
0.35 mg of fluoride with an additional 


average adult ingestion of 1.0 to 1.5 mg 
daily from drinking and cooking water that 
contains 1 ppm of fluoride. For children 1 
to 12 years old, water may contribute any- 
where from 0.4 to 1.1 mg of fluoride per 
day. 

For those other trace elements essential 
for human nutrition, but not tabulated in 
Table 1, the handbook treats each as 
follows: 

Zinc 

“The zinc requirement for an adult 
male, derived factorially, is 2.2 mg per 
day. The amounts of dietary zinc needed 
to meet requirements vary with the com- 
position of the diet and the availability of 
the element. If the availability of Zn is 10 
percent, the amount of dietary zinc 
needed daily to meet the requirement 
would be 22 mg. Growing children and 
pregnant and lactating women need more. 

''Animal foodstuffs are dependable 
sources of zinc. Beef, pork, and lamb may 
contain 20-60 /ig/g, and milk 3-5 /tg/g. 

Fish and other sea foods contain more 
than 15 ^ug/g. Whole cereals are also rich 
sources of zinc, but appreciable amounts 
are lost during milling." 

Magnesium 

“Adult magnesium requirements have 
been estimated to lie between 200 and 
300 mg per day. An intake of 300 mg 
daily has been found to maintain a posi- 
tive balance in women. Estimates of 
magnesium requirements are based on 
extremely limited information regarding 
the absorption, metabolism, and excre- 
tion of this nutrient; accordingly, the 
allowances proposed must be regarded as 
provisional. 

“Magnesium is widely distributed in 
plants. Meat and viscera are rich sources 
of the element. Milk is a relatively poor 
source. In a mixed diet containing abun- 
dant animal products, magnesium appears 
to be 30-40 percent available." 

Copper 

"A realistic allowance of copper for 
infants and young children, incorporating 
a desirable margin of safety, is 80 jitg/kg 
per day. It is probable that 40 fig per kilo- 
gram of body weight per day is adequate 
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for older children, and that approxi- 
mately 30 fjiQ per kilogram daily is suf- 
ficient for adults. 

''Copper is widely distributed in food- 
stuffs, and a diet of even mediocre 
quality contains 2-3 mg per day, enough 
to meet the requirements of man. The 
richest sources of dietary copper are liver, 
kidney, shellfish, nuts, raisins, and dried 
legumes. Milk is a poor source of the 
element. Homogenized cow's milk con- 
tains from 0.015 to 1.18 mg of copper 
per litre, much less on the average than 
the 0.6 to 1.05 mg present in a litre of 
human milk." 

Chromium 

The handbook states that there is some 
evidence that chromium is an essential 
nutrient for man and comments that: 

"Absorption of trivalent chromium In 
man, just as in the rat, may vary from less 
than 1 percent to 10 or 25 percent. The 
availability of chromium depends upon 
its chemical nature In foodstuffs. Dietary 
intakes varying from 20-50 mg per day 
are required to compensate for the loss of 
the element through the urine. 

"Chromium is present in lower concen- 
trations in vegetable foods than it is in 
animal foods. Intakes of the element can 
vary significantly, from 5 to over 100 mg 
daily. It is present in significant amounts 
in drinking water." 

Selenium, Cobalt and Molybdenum 

The need for selenium by a variety of 
laboratory and farm animals is docu- 
mented, but sufficient evidence is not avail- 
able for the establishment of human re- 
quirements. Similarly, man has a require- 
ment for a cobalt containing vitamin 6^2^ 
but except for this there is no known 
human requirement for the element. 

Similarly, there is no evidence of any 
clinical manifestation of deficiency molyb- 
denum in man. On the other hand, studies 
in human adults have shown 

. . that molybdenum equilibrium or 
a slight positive balance may be main- 


tained if the diet provides 2 jug molyb- 
denum per kilogram of body weight 
daily. This figure can be tentatively sug- 
gested as the requirement for humans." 

The handbook concludes that the recom- 
mended intake of nutrients (Table 4) is 
based on contemporary nutritional science 
and that while newer knowledge may allow 
some of the recommendations to be fixed 
more precisely, it is unlikely that major 
changes will be required. These figures are 
recommended by the agencies to be used as 
practical guides for agricultural planning in 
all countries. 

It is of interest to compare these require- 
ments with the recommended dietary 
allowances issued in the United States in 
1974. These are summarized for easy refer- 
ence in Table 5. The Canadian recom- 
mended daily nutrient intakes are sum- 
marized in Table 6. 

Copies of the handbook are available for 
$1.00 from UNIPUB, Inc., 650 First 
Avenue, P. 0. Box 433, Murray Hill Sta- 
tion, New York, New York 10016. □ 


1. Energy and Protein Requirements. Report of 
a Joint FAO/WHO Expert Group, FAO, 
Rome, 1972 

2. Requirements of Vitamin A, Thiamine, Ribo- 
flavin and Niacin. Report of a Joint FAO/ 
WHO Expert Group, FAO, Rome, 1965 

3. Requirements of Ascorbic Acid, Vitamin D, 

Vitamin f^olate and Iron. Report of a 

Joint FAO/WHO Expert Group, FAO, Rome, 
1970 

4. Calcium Requirements. Report of a FAO/ 
WHO Expert Group, FAO, Rome, 1961 

5. Other Trace Elements Essential for Human 
Nutrition. Discussed by the WHO Expert 
Committee on Trace Elements in Human 
Nutrition in 1973. WHO Technical Report 
Series, No. 532, 1973 

6. Handbook on Human Nutritional Require- 
ments. Published by FAO and WHO. FAO 
Nutritional Studies No. 28; WHO Monograph 
Series No. 61, Rome, 1974 
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Table 4 — Recommendf 


u!: 

ji. 


r 


: 

ij 

i 


Age 

Body 

weight 

Energy 

(1) 

Protein 

(1,2) 




kilo- 

kilo- 

mega- 


- ‘i 



grams 

calories 

joules 

grams 

: ■; 


Children 





' ; 


<1 

7.3 

820 

3.4 

14 

(il : 


1-3 

13.4 

1 360 

5.7 

16 

• I; {■ 


4-6 

20.2 

1 830 

7.6 

20 

i, 

[ 


7-9 

28.1 

2 190 

9.2 

25 

; }i 


Male adolescents 





';|r! I 


10-12 

36.9 

2 600 

10.9 

30 




13-15 

51.3 

2 900 

12.1 

37 

! i i 

j.>T' 


16-19 

62.9 

3 070 

12.8 

38 

: il-' 


Female adolescents 





I 

' i: . 


10-12 

38,0 

2 350 

9.8 

29 

yi'i , 


13-15 

49.9 

2 490 

10.4 

31 

i il ' 

I'ii'.'i 


16-19 

54.4 

2 310 

9.7 

30 

I }.’ 

r| 



Adult man 





h\\ 



(moderately active) 

65.0 

3 000 

12.6 

37 

i 



Adult woman 





i 



(moderately active) 

55.0 

2 200 

9.2 

29 

; ' 



Pregnancy 





. i 

• 

j 

(later half) 


+ 350 

+ 1.5 

38 

i 

: 

j 

Lactation 





I ' 

! 

i 

: i 


(first 6 months) 


+ 550 

+ 2.3 

46 


^Energy and Protein Requirements. Report of a Joint FAO/WHO Expert Group, FAO, 
Rome, 1972. - ^As egg or milk protein. - ^Requirements of Vitamin A, Thiamine, Ribo- 
flavin and Niacin. Report of a Joint FAO/WHO Expert Group, FAO, Rome, 1965. - ^As 
retinol. - ^Requirements of Ascorbic Acid, Vitamin D, Vitamin 8^2' folate and Iron. 
Report of a Joint FAO/WHO Expert Group, FAO, Rome, 1970. — ^As cholecalciferol. — 
Calcium Requirements. Report of a FAO/WHO Expert Group, FAO, Rome, 1961. - ^On 
each line the lower value applies when over 25 percent of calories in the diet come from 
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Vitannin 

A 

Vitamin 

D 

Thiamine 

Ribo- 

flavine 

Niacin 

Folic 

acid 

Vitamin 

Bi2 

Ascorbic 

acid 

Calcium 

Iron 

(3,4) ■ 

(5,6) 

(3) 

(3) 

(3) 

(5) 

(5) 

(5) 

(7) 

(5,8) 

micro- 

micro- 

mini- 

mini- 

mini- 

micro- 

micro- 

mini- 

grams 

mini- 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 











300 

10.0 

0.3 

0.5 

5.4 

60 

0.3 

20 

0.5-0.6 

5-10 

250 

10.0 

0.5 

0.8 

9.0 

100 

0.9 

20 

0.4-0.5 

5-10 

300 

10.0 

0.7 

1.1 

12.1 

100 

1.5 

20 

0.4-0.5 

5-10 

400 

2.5 

0.9 

1.3 

14.5 

100 

1.5 

20 

0.4-0.5 

5-10 

575 

2.5 

1.0 

1.6 

17.2 

100 

2.0 

20 

0.6-0.7 

5-10 

725 

2.5 

1.2 

1.7 

19.1 

200 

2.0 

30 

0.6-0.7 

9-18 

750 

2.5 

1.2 

1.8 

20.3 

200 

2.0 

30 

0.5-0.6 

5-9 

575 

2.5 

0.9 

1.4 

15.5 

100 

2.0 

20 

0.6-0.7 

5-10 

725 

2.5 

1.0 

1.5 

16.4 

200 

2.0 

30 

0.6-0.7 

12-24 

750 

2.5 

0.9 

1.4 

15.2 

200 

2.0 

30 

0.5-0.6 

14-28 

750 

2.5 

1.2 

1.8 

19.8 

200 

2.0 

30 

0.4-0.5 

5-9 











750 

2.5 

0.9 

1.3 

14.5 

200 

2.0 

30 

0.4-0.5 

14-28 

750 

10.0 

+0.1 

+0.2 

+2.3 

400 

3.0 

30 

1.0-1. 2 

(9) 

1 200 

10.0 

+0.2 

+0.4 

+3.7 

300 

2.5 

30 

1.0-1. 2 

(9) 


animal foods, and the higher value when animal foods represent less than 10 percent of 
calories. — ^For women whose iron intake throughout life has been at the level recom- 
mended in this table, the daily intake of Iron during pregnancy and lactation should be the 
same as that recommended for nonpregnant, nonlactating women of childbearing age. For 
women whose iron status is not satisfactory at the beginning of pregnancy, the requirement 
Is increased, and in the extreme situation of women with no iron stores, the requirement can 
probably not be met without supplementation. 
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TABLE 5 - RECOMMENDED DAILY DIETARY ALLOWANCES.^ Revised 1973 
FOOD AND NUTRITION BOARD, NATIONAL ACADEM'l^s^F SCIENCES-NATIONAL RESEARCH COUNCIL 
Designed for the nnaintenance of good nutrition of practically all healthy people in the U.S.A. 













Fat-Soluble Vitamins 




Water-Soluble Vitamins 





Minerals 




(years) 
From Up to 

Weight 
(kg) (lbs) 

Height 
(cm) (in) 

Energy 

(kcal)^ 

Protein 

(g) 

Vitamin A 
Activity 
(RE)3 (lU) 

Vita- 
min D 
(lU) 

Vita- Ascor- 

min E bic 

Activity.^ —.Acid 
(lU) (mg) 

Fola- 

cin^ 

(Mg) 

Nia- 

cin^ 

(mg) 

Ribo- 

flavin 

(mg) 

Thia- 

min 

(mg) 

Vita- 
min Bg 
(mg) 

Vita- 
min B ^2 

(jug) 

Cal- 

cium 

(mg) 

Phos- 

phorus 

(mg) 

Iodine 

(jUg) 

Iron 

(mg) 

Mag- 

nesium 

(mg) 

Zinc 

(mg) 

Infants 

0.0-0.5 

6 

14 

60 

24 

kg X 1 1 7 

kg X 2.2 

420^ 

1,400 

400 

4 

35 

50 

5 

0.4 

0.3 

0.3 

0.3 

360 

240 

35 

10 

60 

3 


0.5-1 .0 

9 

20 

71 

28 

kg X 1 08 

kg X 2.0 

400 

2,000 

400 

5 

35 

50 

8 

0.6 

0.5 

0.4 

0.3 

540 

400 

45 

15 

70 

5 

Children 

1-3 

13 

28 

86 

34 

1300 

23 

400 

2,000 

400 

7 

40 

100 

9 

0.8 

0.7 

0.6 

1.0 

800 

800 

60 

15 

150 

10 


4-6 

20 

44 

110 

44 

1800 

30 

500 

2,500 

400 

9 

40 

200 

12 

1.1 

0.9 

0.9 

1.5 

800 

800 

80 

10 

200 

10 


7-10 

30 

66 

135 

54 

2400 

36 

700 

3,300 

400 

10 

40 

300 

16 

1.2 

1.2 

1.2 

2.0 

800 

800 

110 

10 

250 

10 

Males 

11-14 

44 

97 

158 

63 

2800 

44 

1,000 

5,000 

400 

12 

45 

400 

18 

1.5 

1.4 

1.6 

3.0 

1200 

1200 

130 

18 

350 

15 


15-18 

61 

134 

172 

69 

3000 

54 

1,000 

5,000 

400 

15 

45 

400 

20 

1.8 

1.5 

2.0 

2.0 

1200 

1200 

150 

18 

400 

15 


19-22 

67 

147 

172 

69 

3000 

52 

1,000 

5,000 

400 

15 

45 

400 

20 

1.8 

1.5 

2.0 

3.0 

800 

800 

140 

10 

350 

15 


23-50 

70 

154 

172 

69 

2700 

56 

1,000 

5,000 


15 

45 

400 

18 

1.6 

1.4 

2.0 

3.0 

800 

800 

130 

10 

350 

15 


51 + 

70 

154 

172 

69 

2400 

56 

1 ,000 

5,000 


15 

45 

400 

16 

1.5 

1.2 

2.0 

3.0 

800 

800 

110 

10 

350 

15 

Females 

11-14 

44 

97 

155 

62 

2400 

44 

800 

4,000 

400 

12 

45 

400 

16 

1.3 

1.2 

1.6 

3.0 

1200 

1200 

115 

18 

300 

15 


15^18 

54 

119 

162 

65 

2100 

48 

800 

4,000 

400 

12 

45 

400 

14 

1.4 

1.1 

2.0 

3.0 

1200 

1200 

115 

18 

300 

15 


19-22 

58 

128 

162 

65 

2100 

46 

800 

4,000 

400 

12 

45 

400 

14 

1.4 

1.1 

2.0 

3.0 

800 

800 . 

100 

18 

300 

15 


23-50 

58 

128 

162 

65 

2000 

46 

800 

4,000 


12 

400 

13 

1.2 

1.0 

2.0 

3.0 

800 

800 

100 

18 

300 

15 


51 + 

58 

128 

162 

65 

1800 

46 

800 

4,000 


12 

45 

400 

12 

1.1 

1.0 

2.0 

3.0 

800 

800 

80 

10 

300 

15 

Pregnant 






+300 

+ 30 

1,000 

5,000 

400 

15 

60 

800 

+2 

+0.3 

+0.3 

2.5 

4.0 

1200 

1200 

125 

CO 

+ 

00 

450 

20 

Lactating 






+500 

+ 20 

1,200 

6,000 

400 

15 

80 

600 

+4 

+0.5 

+0.3 

2.5 

4.0 

1200 

1200 

150 

16 

450 

25 


^The allowances are intended to provide for individual variations among most normal persons as they live in the 
United States under usual environmental stresses. Diets should be based on a variety of common foods in order to 
provide other nutrients for which human requirements have been less well defined. See text for more-detailed 
discussion of allowances and of nutrients not tabulated. 

aKilojoules (KJ) = 4.2 x kcal. 

^Retinol equivalents. 

^Assumed to be all as retinol in milk during the first six months of life. All subsequent intakes are assumed to be 
one-half as retinol and one-half as jS-carotene when calculated from international units. As retinol equivalents, 
three-fourths are as retinol and one fourth as jS-carotene. 


^Total vitamin E activity, estimated to be 80 percent as a-tocopherol and 20 percent other tocopherols. See text for 
variation in allowances. 


^The folacin allowances refer to dietary sources as determined by Lactobacillus case! assay. Pure forms of folacin 
/ may be effective in doses less than one-fourth of the R DA. 

'Although allowances are expressed as niacin, it is recognized that on the average 1 mg of niacin is derived from 
each 60 mg of dietary tryptophan. 


^This increased requirement cannot be met by ordinary diets; therefore, the use of supplemental iron is recom- 
mended. 
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Table 6. Recommended Daily Nutrient Intakes (Canada) 


Weight 

(kj) 

Height 

(cm) 

Energy 

(Cal) 

Protein 

(g) 

Vit. Ai 
(^g RE) 

Vit. D 
(Mg) 

Vit. E 
(mg) 

Thiamin Niacin 
(fTiQ) ' (mg) 

Vit. 

Riboflavin Be 

(mg) (mg) 

Folate 

(Mg) 

Vit. 

^12 

(Mg) 

Ascorbic 

Acid Calcium 

(mg) (mg) 

Phosphorus 

(mg) 

Magnesium 

(mg) 

Iodine 

(Mg) 

Iron 

(mg) 

Zinc 

(mg) 

6 

- 

kg X 117 

kg X 2.2(2.0) 

400 

10 

3 

0.3 

5 

0.4 

0.3 

40 

0.3 

20 

500 

250 

50 

35 

7 

4 

9 

- 

kg X 108 

k X 1.4 

400 

10 

3 

0.5 

0.6 

0.4 

60 

0.3 

20 

500 

400 

50 

50 

7 

5 

13 

90 

1400 

22 

400 

10 

4 

0.7 

9 

0.8 

0.8 

100 

0.4 

20 

500 

500 

75 

70 

8 

5 

19 

110 

1800 

27 

500 

5 

5 

0.9 

12 

1.1 

1.3 

100 

1.5 

20 

500 

500 

100 

90 

9 

6 

27 

129 

2200 

33 

700 

2.5 

6 

1.1 

14 

1.3 

1.6 

100 

1.5 

30 

700 

700 

150 

no 

10 

7 

27 

128 

2000 

33 

700 

2.5 

6 

1.0 

13 

1.2 

1.4 

100 

1.5 

30 

700 

700 

150 

100 

10 

7 

36 

144 

2500 

41 

800 

2.5 

7 

1.2 

17 

1.5 

1.8 

100 

3.0 

30 

900 

900 

175 

130 

11 

8 

38 

145 

2300 

40 

800 

2.5 

7 

1.1 

15 

1.4 

1.5 

100 

3.0 

30 

1000 

1000 

200 

120 

11 

9 

51 

162 

2800 

52 

1000 

2.5 

9 

1.4 

19 

1.7 

2.0 

200 

3.0 

30 

1200 

1200 

250 

140 

13 

10 

49 

159 

2200 

43 

800 

2.5 

7 

1.1 

15 

1.4 

1.5 

200 

3.0 

30 

800 

800 

250 

no 

14 

10 

64 

172 

3200 

54 

1000 

2.5 

10 

1.6 

21 

2.0 

2.0 

200 

3.0 

30 

1000 

1000 

300 

160 

14 

12 

54 

161 

2100 

43 

800 

2.5 

6 

1.1 

14 

1.3 

1.5 

200 

3.0 

30 

700 

700 

250 

no 

14 

11 

70 

176 

3000 

56 

1000 

2.5 

9 

1.5 

20 

1.8 

2.0 

200 

3.0 

30 

800 

800 

300 

150 

10 

10 

56 

161 

2100 

41 

800 

2.5 

6 

1.1 

14 

1.3 

1.5 

200 

3.0 

30 

700 

700 

250 

110 

14 

9 

70 

176 

2700 

56 

1000 

2.5 

8 

1.4 

18 

1.7 

2.0 

200 

3.0 

30 

800 

800 

300 

140 

10 

10 

56 

161 

1900 

41 

800 

2.5 

6 

1.0 

13 

1.2 

1.5 

200 

3.0 

30 

700 

700 

250 

100 

14 

9 




















70 

176 

2300 

56 

1000 

2.5 

8 

1.4 

"18 

1.7 

2.0 

200 

3.0 

30 

800 

800 

300 

140 

10 

10 

56 

161 

1800 

41 

800 

2,5 

6 

1.0 

13 

1.2 

1.5 

200 

3.0 

30 

700 

700 

250 

100 

9 

9 



+300 

+20 

+100 

+2.5 

+1 

+0.2 

+2 

+0.3 

+0.5 

+ 50 

+1.0 

+ 20 

+500 

+500 

+25 

+15 

+1 

+3 



+500 

+24 

+400 

+2.5 

+2 

+0.4 

+7 

+0.6 

+0.6 

+ 50 

+0.5 

+ 30 

+500 

+500 

+75 

+25 

+1 

+7 


DEFINITIONS: 

Cal — calorie 

cm — centimetre, 1 centimetre = .39 inches 
g — gram 

kg — kilogram, 1 kilogram = 2.2 pounds 
mg — milligram 
/ig — microgram 


'r' 


Source: Health and Welfare Canada. Committee for Revision of the Canadian 

Dietary Standard, Bureau of Nutritional Sciences. (Revised 1974) 
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New Fellowships in Nutrition Available for Physicians 


Fellowships to provide support for sig- 
nificant periods of sub-specialty training in 
the field of nutrition are now available to 
qualified young physicians in both the 
United States and Canada. Nutrition teach- 
ing and research scholarships for a three 
year period carrying stipends of $12,000 
for the first year, $13,000 for the second, 
and $14,000 for the third year, supported 
by The Nutrition Foundation, are being 
awarded by the American College of 
Physicians. 

Similar teaching and research fellowships 
in the field of nutrition to develop 
Canadian pediatricians with specialized 
competence in nutrition are available from 
the Hospital for Sick Children Foundation, 
Toronto. The value of these fellowships is 
$15,000 annually plus return economy air 
fare to the location of study. The fellow- 
ships may be of one or two years duration. 

American College of Physicians Nutrition 
Teaching and Research Scholarships 

Two Teaching and Research scholarships 
specifically in the field of medical nutrition 
will be supported by The Nutrition Foun- 
dation, Inc. 

Each scholar will be appointed for a 
term of three years with stipends increasing 
from $12,000 in the first year to $13,000 
and $14,000 in the second and third years, 
respectively. The stipend may be supple- 
mented by the host institution. 

It is the intention of the American 
College of Physicians to select physicians 
with interests and skills both in teaching 
and research who show promise of excel- 
lent future development based on good 
undergraduate and postdoctoral training. 

During their period of appointment, the 
Teaching and Research Scholars in the field 
of Medical Nutrition should predominantly 
direct their professional activity to prob- 
lems of nutrition in medicine as related to 
diseases of nutrition per se or nutritional 
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aspects of medical diseases in the broad 
sense. 

At the time of an appointment to begin 
in July of each year, the individual shall 
have been graduated from medical school 
no more than eight years. In addition, the 
candidate shall have no less than four years 
of professional training after medical 
school graduation. The applicant must have 
at least four years of postdoctoral training 
in medicine. The Scholarships are restricted 
to citizens of the United States and 
Canada. 

Candidates must be proposed by the 
Chairrhan of the Department of Medicine 
in any institution in the United States or 
Canada with a recognized program of med- 
ical education and research, and endorsed 
by the Dean or the appropriate signing of- 
ficial of the university or college con- 
cerned. Not more than one candidate may 
be recommended by a Chairman of a De- 
partment of Medicine in any given insti- 
tution in any calendar year. 

The Chairman of the Department of 
Medicine in any such institution shall be 
responsible for presenting a careful and 
complete evaluation of the individual he or 
she wishes to recommend for a Teaching 
and Research Scholarship on the official 
form. Notification of the recommendation 
will be sent to the College Governor of the 
State or Province concerned by the ACP. 

The sponsor must be prepared to provide 
adequate facilities for the work of the 
Scholar, or to help him or her obtain such 
facilities in an institution in which the 
teaching and research' is to be carried out. 
If the Scholar is to carry on teaching and 
research in an institution other than the 
one from which the initial proposal is 
made, the grant for such work elsewhere 
will follow the Scholar. 

All proposals must reach the Executive 
Offices of the American College of Phy- 



sicians by September 1 of each year. Final 
selection will be made at the mid- 
November meeting of the Fellowships and 
Scholarships Committee and of the Board 
of Regents. 

For information and Official Proposal 
Form, write: Edward C. Rosenow, Jr., 
M.D., F.A.C.P., Executive Vice President, 
American College of Physicians, 4200 Pine 
Street, Philadelphia, Pennsylvania 19104. 

Hospital for Sick Children 
Foundation Fellowship 

The Hospital for Sick Children Founda- 
tion is offering a Fellowship in any of the 
following disciplines: Nutrition, Infectious 
Diseases, Mental Retardation, Environ- 
mental Health, Clinical Pharmacology. 

This Fellowship is offered by the Foun- 
dation realizing the need for increased facil- 
ities in these disciplines in Canada. It is the 
hope that training at the postdoctoral level 
will lead to the establishment in Canada of 
pediatric facilities in these disciplines for 
patient care, teaching and research in 
children's hospitals and general hospitals 
with substantial pediatric facilities. 

The value of the Fellowship is $15,000 
annually plus return economy air fare to 
the location of the study. A larger stipend 
may be provided for more senior nominees. 
The stipend is paid quarterly in advance. 

The conditions are as follows: 

1. The Fellowship may be of one or 
two years' duration. 

2. A fellow must be nominated by the 
Dean of the F'aculty of Medicine 
and the Chairman of the Depart- 
ment involved or, if no university 
affiliation, by the Chief of the Serv- 
ice and the Chief Executive Officer 
of the institution. Names of three 
medical referees must be provided. 

3. A Fellow must be a resident of 
Canada with the status of a landed 
immigrant or citizen. 

4. A Fellow must have a record of 
outstanding academic achieve- 
ments. 

5. A Fellow must have a special apti- 
tude for teaching, research and or- 
ganizational ability. 


6. The Fellow must supply an outline 1 
of the course of study which he will : 
pursue, the location, the facilities 
which will be available to him, and 

who will supervise his study. 

7. A written statement from the insti- ! 
tution at which the study will be j 
pursued must be provided stating ;; 
that facilities will be provided and ;i 
that the Fellow is acceptable. 

8. The Fellow must submit a report to i 

the Foundation at the end of the I 

first year (and second year of a two 

year Fellowship) outlining his activ- I 
ities of the year. I; 

9. Any publications arising from work 
during the term of the Fellowship 
must acknowledge the support of 
the Foundation. 

10. The nominating institution must 
agree that a the completion of the 
Fellowship, the successful nominee 

will be appointed to its staff or will . 
retain an existing appointment, and 
that it is the intent of the institu- 
tion to continue or establish a de- 
partment or division or laboratory 
in the discipline in which the 
Fellowship is granted. This must be ! 
related to the health of children. 

11. Members of the staff of the Hospi- 
tal for Sick Children are eligible for 
this Fellowship. 

12. Any serious deviation from the plan 
of study requires prior approval 
from the Foundation. 

Application forms may be obtained 
from: The Hospital for Sick Children Foun- 
dation, 555 University Avenue, Toronto, 
Ontario, M5G 1 X8 Canada. 

Sponsors of eligible persons are urged to 
make application for these traineeships 
which in each instance may be supple- 
mented by other funds available to the in- 
stitution. 

It is to be hoped that the availability of 
these fellowships will stimulate other foun- 
dations, institutions and governmental 
agencies to provide expanded support for 
competent, interested young personnel. □ 
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Meeting Announcements 


? 


The American Medical Association will 
sponsor a “Symposium on Fat Emulsions 
in Parenteral Nutrition," June 5-6, 1975, at 
the Hyatt Regency O'Hare, Chicago. The 
symposium meets the criteria for 12 hours 
of credit. Category 2 for the Physician's 
Recognition Award of the American Medi- 
cal Association. Registration, $30.00 
(students free). For further information 
contact: M. Nagy, AMA Department of 
Foods and Nutrition, 535 N. Dearborn, 
Chicago, Illinois 60610. 

The Association of Official Analytical 
Chemists will hold its 89th Annual Meeting 
October 13-16, 1975, at the Marriott 
Hotel, Twin Bridges, Washington, D.C. The 
latest developments in analytical method- 
ology for many commodities and materials 
important to agricultural and public health 
areas will be presented and discussed. 
Nearly 40 firms will exhibit the latest lab- 
oratory equipment and supplies. 

Registration will continue from 1:00 
p.m. Sunday, October 12, through Thurs- 


day morning, October 16. The registration | 
fee will be $5.00 for one day or $10.00 for 
two or more days. Anyone interested is in- 
vited to attend. For further information, i 
please contact Luther G. Ensminger, As- | 
sociation of Official Analytical Chemists, j 
Box 540, Benjamin Franklin Station, Wash- i 
ington, D.C. 20044. 


World famous researchers will meet for a 
two-day Symposium on Nutritional Dis- 
orders of American Women, sponsored by 
the Institute of Human Nutrition of 
Columbia University, College of Physicians 
& Surgeons, at the Commodore Hotel, Lex- 
ington Avenue at 42d Street, New York 
City, November 20 and 21, 1975. 

Dr. Myron Winick, Director of the Insti- 
tute of Human Nutrition, will serve as 
chairman of the Symposium. 

For further information write Director, 
Institute of Human Nutrition, Columbia 
University, 511 West 166th Street, New 
York, N. Y. 10032. 


Recent Books 


( Improvement of Protein Nutriture. Com- 
\ mittee on Amino Acids, Food and Nutri- 
! tion Board, National Research Council. 
I Published by the National Academy of 

i Sciences, Printing and Publishing Office, 

2101 Constitution Avenue, Washington, 
D.C., 2041 8. Pp. 201 . Price $7.25. 
c 
c 
I 


Nutrients in Processed Foods. Proteins. 
Edited by P. L. White and D. C. Flet- 
cher. Published by Publishing Sciences 
Group, Inc., Acton, Massachusetts. Pp. 
219. Price $16.00. 
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Vitamin E 

by J. G. Bieri, Ph.D. 




N ot very long ago vitamin E in human 
nutrition was described as a "vitamin 
in search of a disease." Although this state- 
ment is no longer accurate, the search in 
man in contrast to that in animals has 
turned up a relatively disappointing reward. 
In order to understand why, it is necessary 
to have an appreciation of the differences 
between animals and man in their normal 
nutritional practices and in the way they 
are subjected to experimentation. Animals 
consume a relatively limited number of 
foodstuffs compared with the array of 
items in most human diets, thus increasing 
the chances for animals to develop de- 
ficiency. Experimentally, it is possible to 
place newborn or weaned animals on 
rations severely deficient in vitamin E, 
whereas a similar practice could only 
happen inadvertently in children and would 
not be prolonged once the error was dis- 
covered. As a result of these differences, a 
myriad of deficiency symptoms has been 
produced in laboratory and domestic 
animals, but only a limited number have 
appeared in man. 

Clinical evidence of vitamin E deficiency 
is almost entirely restricted to premature 
infants. In several reports, use of infant 
formulas with an inadequate vitamin E con- 
tent gave rise to symptoms of irritability 


Dr. Bieri is Chief, Nutritionai Biochemistry Sec- 
tion, National Institute of Arthritis, Metabolism 
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and edema, accompanied by anemia.^ 
Treatment with a-tocopherol brought 
about disappearance of all symptoms. An 
earlier report that vitamin E reversed the 
megaloblastic anemia seen in protein- 
calorie malnutrition^ has not been con- 
firmed.® Current information indicates the 
anemia in premature infants is hemolytic 
resulting in a shortened life span of the red 
cell.® 

It is difficult to produce a vitamin E 
deficiency in adult man because of the con- 
siderable tissue storage of the vitamin and 
the consequent extended period required 
for depletion. In the only long-term study, 
adult men depleted for three years showed 
no symptoms even though plasma 
tocopherols fell to very low levels.^ A 
slight decrease in red cell life span was 
found but there were no manifestations of 
anemia. Vitamin E deficiency occurs 
naturally in a high percent of individuals 
who for various reasons have a defect in 
their ability to absorb dietary fat.® The 
largest number are children or young adults 
with cystic fibrosis. In these patients, 
although blood levels of the vitamin may 
be very low, no symptomatology which 
responds to vitamin E has been observed. 
Life span of their red cells is often 
shortened but anemia is not found. A few 
cases of muscle damage have been noted 
histologically,® but generally muscle func- 
tion is not impaired.®® 

Vitamin E Status 

Evaluation of human vitamin E status is 
still inaccurate. It has become clear that 
blood levels of a-tocopherol may not 
accurately reflect either level of intake or 
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tissue storage. The extent of red cell 
hemolysis in vitro is at best a crude esti- 
mator of nutritional status; extensive 
hemolysis indicates a high probability of 
inadequacy but low hemolysis does not as 
clearly indicate adequacy of tissue 
stores.^ The existence of variables 

other than vitamin E intake that can affect 
in vitro hemolysis has added to the un- 
certainty of this test. 

Tocopherols in plasma are associated 
with the lipoproteins and distribute accord- 
ing to the fat content of each frac- 
tion. It is well documented that 
plasma tocopherol levels correlate highly 
with plasma cholesterol or total 
lipids.^ It would also appear that 

plasma tocopherol values may have little 
meaning if not accompanied by values for 
plasma lipids.^ ° It has been suggested that 
a ratio of 0.8 mg total tocopherols per 
gram total plasma lipids would indicate an 
adequate nutritional status and current 
information appears to support this.^° Use 
of this ratio may indicate that some indi- 
viduals with plasma total tocopherols be- 
low 0.5 mg per 100 ml, the commonly 
accepted satisfactory level, may not be 
inadequate. At the other end of the spec- 
trum, it will be interesting to evaluate the 
vitamin E status of individuals with high 
plasma lipids but with a ratio of less than 
0.8 mg tocopherols per gram of lipids, if 
such a combination exists. 

Red cell hemolysis is affected by the cell 
content of glutathione peroxidase,^^ 
shown recently to be a selenium-containing 
enzyme.^ ^ Newborn infants have reduced 
red cell glutathione peroxidase activity as 
well as low plasma a-tocopherol levels,^ ^ 
but it is not known if this is a causal rela- 
tionship or merely a reflection of physio- 
logical immaturity. In adult subjects pre- 
sumably receiving adequate vitamin E and 
selenium in their usual diets, erythrocyte 
glutathione peroxidase activity was re- 
markably constant with time for each 
individual, and supplementary a-tocopherol 
did not change the activity. In rats and 
chicks, tissue levels of glutathione peroxi- 
dase are related to the dietary selenium 

162 NUTRITION REVIEWS/VOL. 33, NO. 6 / JUNE 1975 


content.^ In the presence of adequate 
selenium, vitamin E status did not affect 
glutathione peroxidase in liver, kidney, and 
lung but lower activity was found in 
adipose and muscle tissue from a- 
tocopherol deficient animals.^ ^ Since other 
nonselenium-containing enzymes were 
similarly reduced, these results were in- 
terpreted as a response of tissues to lipid 
peroxidation and not to any interaction 
between selenium and a-tocopherol. It has 
been suggested that a-tocopherol prevents 
lipid peroxidation damage to membranes 
whereas selenium, by being a component of 
glutathione peroxidase, exerts its protec- 
tion against peroxidation in the cytosol of 
cells.^^ An interaction between selenium 
and a-tocopherol has been hypothesized 
from the observation that dietary a- 
tocopherol increases the selenide form of 
selenium in mitochondria and micro- 
somes.^® 

Absorption and Turnover 

The relatively inefficient intestinal ab- 
sorption of a-tocopherol has been con- 
firmed in several studies. In man, absorp- 
tion of 20 to 30 percent of small doses was 
found by lymphatic cannulation,®® while 
excretion measurements with rats indicated 
a marked decrease in absorption efficiency 
as the dose was increased from the micro- 
gram to the milligram range.® ° Interest in 
the absorption of other tocopherols, partic- 
ularly y-tocopherol, has revealed that 
contrary to earlier studies which indicated 
very poor utilization, this vitamer is ab- 
sorbed to about 85 percent that of a- 
tocopherol.®^ Although 7-tocopherol is 
initially taken up by the tissues as effi- 
ciently as is a-tocopherol, it turns over 
more rapidly and this may account for its 
low biological activity.®^’®® 

Studies of the rate of accurnulation of 
a-tocopherol in various tissues have shown 
that after the rapid growth phase of young 
animals, relatively constant concentrations 
were maintained in each tissue, generally 
related to the log of dietary intake.®® An 
exception was adipose tissue which progres- 
sively accumulated the vitamin. When the 
vitamin was removed from the diet almost 






one-half the a-tocopherol in liver and heart 
was lost in two weeks, with the remainder 
disappearing more slowly over a long 
period. Other tissues, except adipose, also 
appeared to have two pools of a- 
tocopherol. It has been suggested that the 
relatively nonlabile fraction may represent 
a-tocopherol in cellular membranes.^'^ 

Enzyme Function 

At the molecular level, search for an 
unequivocal, direct involvement of a- 
tocopherol in enzyme functioning has con- 
tinued unabated. Most attention recently 
centered on a possible role for vitamin E in 
heme synthesis, with evidence that in 
deficiency the activity of two enzymes may 
be altered.^® In bone marrow, 6- 
aminolevulinic acid (ALA) synthetase was 
decreased and in liver ALA dehydratase 
was reduced. Other investigators exploring 
this possible involvement of a-tocopherol 
in heme synthesis have been unable to re- 
late the deficient state with reduced heme 
or cytochrome synthesis.^ It would 
appear that variables other than vitamin E 
status may have caused these discrepant 
findings; thus conclusive evidence for a 
regulatory role of the vitamin in these 
systems is lacking. Another liver system, 
the microsomal enzyme drug hydroxylating 
complex, has been shown to be affected by 
the vitamin E status of the animal.^® Re- 
duced activity in deficient rats is restored 
to normal 12 hours after an oral dose of 
the vitamin. Regulation of this system is 
complex, being affected by numerous in- 
ducers and by steroid hormones, so that 
the mechanism of the vitamin E involve- 
ment at present is obscure.®® Oxidative 
demethylation, another microsomal drug 
metabolizing system, was not affected by 
vitamin E status but a slight decrease in 
drug induction was found.®® 

Liver xanthine oxidase was shown to be 
increased in vitamin E-deficient rabbits in 
1953.^° Subsequent studies found that this 
is not due to loss of an inhibitor or to an 
activator, but is caused by accumulation of 
the enzyme due to accelerated synthesis."^ ^ 
In contrast to the increased synthesis of 


this enzyme in rabbits, a marked reduction 
in overall protein synthesis was found in 
liver microsomes and polysomes from vita- 
min E-deficient rats."^® In the latter study, 
however, abnormal membrane lipid peroxi- 
dation was induced by feeding a high level 
of polyunsaturated fatty acids. One 
mechanism by which lipid peroxidation 
may occur in membranes was shown by the 
generation of free radicals during the oxi- 
dation of TPNH by liver microsomes.'^® In 
this model system using the erythrocyte 
membrane, free radical damage could be 
prevented by prior feeding of vitamin E to 
the donor animal. 

Increased amounts of arachidonic acid 
have been found in several tissues of vita- 
min E-deficient rats.'^'^ Examination of 
liver for a possible explanation revealed 
that microsomes from deficient animals 
synthesized more arachidonic acid from 
7 -linolenic acid and also more y-linolenic 
from linoleic acid.'^® A variety of en- 
zymes related to the respiratory chain 
were found to be unaffected by vitamin E 
status, confirming earlier studies which 
showed that vitamin E is not directly in- 
volved in the electron transport 
mechanism. Thorough study of the 
accelerated turnover of creatine kinase in 
vitamin E-deficient rabbit muscle showed 
no difference in intrinsic protein synthetic 
activity from normal muscle, but deficient 
muscle had increased numbers of poly- 
somes.'^^ It remains to be demonstrated 
that any enzyme reaction has a specific re- 
quirement for a-tocopherol although many 
of the observed enhancements or inhibi- 
tions due to vitamin E status have not been 
adequately explained. 

Toxicity Protection 

Evidence from animal studies over many 
years showed that dietary vitamin E affords 
protection from various chemical toxi- 
cants.'^® Recent interest centered on pre- 
venting toxic effects of atmospheric pollu- 
tants. Just as it was shown in 1958 that 
supplementary a-tocopherol would de- 
crease toxicity from a high oxygen 
atmosphere,”^® similar protection from 
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ozone and nitrous oxide has also been 
demonstrated.®”'^^ Such oxidants can 
cause lipid peroxidation damage in rats, but 
the relevance of these results to man is not 
clear at this time. It is known that other 
protective mechanisms exist in the lung, 
e.g. glucose-6-phosphate dehydrogenase, 
glutathione peroxidase, and superoxide 
dismutase,®®’®'^ but the relative effective- 
ness of a-tocopherol and these enzyme 
systems is not clear. 

Large Doses 

Health claims for large dietary supple- 
ments of vitamin E still remain unsub- 
stantiated, and a recent review of the 
subject has led the Food and Nutrition 
Board to state that such claims are not 
adequately documented.®® In chicks, 
supplements of a-tocopherol above the 
normal dietary level produced an enhanced 
immune response, while a-tocopherol in 
vitro had a similar effect on normal mouse 
spleen cells.® ®’®^ In view of a similar effect 
of dietary vitamin A on the immune re- 
sponse in mice,®® the possible action of 
vitamin E in the immune system remains 
obscure. 

Considerable numbers of individuals con- 
tinue to self-dose themselves regularly with 
relatively large doses of vitamin E for 
various reasons. Possible toxicity of such 
supplements has led to experiments in 
animals, with mixed results. In the chick, 
depressed growth, interference in thyroid 
function, and increased requirements for 
vitamin D and vitamin K were found.®® In 
rats, liver total lipid and cholesterol were 
increased by high vitamin E dosage, and 
tissue fatty acid patterns were altered.®” In 
man, minor complaints of nausea and in- 
testinal distress appeared in some subjects 
ingesting more than 300 lU per day,® ^ and 
a variety of other nonspecific complaints 
have also been noted.® ^ Isolated reports of 
other symptoms can be found in the medi- 
cal literature but the general impression is 
that for most individuals daily doses below 
300 lU are innocuous. 

Recommended Allowance 

A recommended dietary allowance for 
vitamin E was first set in 1965.®® In retro- 
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spect, this initial effort set values that were 
unrealistically high and most U.S. diets 
adequate in all other nutrients would not 
meet the allowance. In the light of reports 
subsequent to 1965, the 1974 edition of 
Recommended Dietary Allowances® re- 
duced the allowances considerably. It was 
pointed out that a fixed allowance for any 
age and sex group is not realistic, but that a 
range of 10 to 20 I U of total vitamin E 
activity should be present in adult diets 
supplying 1800 to 3000 kcal. The tabu- 
lated values should be recognized as 
averages which may or may not be ade- 
quate depending on other components of 
the diet, primarily the polyunsaturated 
fatty acid (PUFA) content. Generally, how- 
ever, as the PUFA in diets increase, so does 
the vitamin E content. 

Because the recommended dietary allow- 
ance for vitamin E is primarily determined 
by the amount of the vitamin in balanced 
diets consumed by healthy individuals, the 
accuracy of determining vitamin E in food- 
stuffs or diets is of the utmost importance. 
Analyses of diets using newer analytical 
procedures found that the vitamin E con- 
tent of U.S. and Canadian diets is not as 
high as proposed in 1963.®® Three studies 
showed that typical balanced diets of about 
2500 kcal average from 6.4 to 9.0 mg (9.5 
to 13.4 lU) of a-tocopherol daily.®®'®® In 
addition, U.S. diets now contain con- 
siderably more y-tocopherol than a- 
tocopherol,® ^ due to the trend over the 
past 30 years to substitute vegetable fats 
and oils for animal fats.®® The predomi- 
nant vegetable oil, soybean oil, contains 
about six times more j- than a-tocopherol. 
Even though y-tocopherol has only about 
10 percent of the biological activity of 
a-tocopherol,^” the large amount of 
7 -tocopherol in diets was estimated to con- 
tribute as much as 20 percent of the total 
vitamin E activity.®^ Furthermore, more 
detailed analyses of whole cereal grains 
found that barley, oats, and rye contain 
from 0.9 to 1.7 mg per 100 g of other 
vitamers, a-tocotrienol and |3-tocopherol,^ ^ 
which are about 40 percent as active as 
a-tocopherol. The 1974 Recommended 
Dietary Allowances state that in calculating 




the vitamin E content of mixed diets, 
values for a-tocopherol should be multi- 
plied by a factor of 1.2 to give a more 
accurate estimation of their total vitamin E 
activity, expressed as a-tocopherol equiv- 
alent.®"^ 

Early animal studies clearly showed that 
the vitamin E requirement increased with 
increased intake of polyunsaturated fatty 
acids (PUFA). In an initial effort to relate 
these two dietary variables it was suggested 
that a fixed ratio, termed the E:PUFA 
ratio, might be established to define dietary 
vitamin E adequacy.®® Unfortunately, the 
initially suggested ratio was accepted by 
many nutritionists before it was adequately 
tested experimentally. Subsequently it has 
been found with several species that a fixed 
E;PUFA ratio does not apply in a variety 
of experimental conditions, and that fac- 
tors in the diet other than the PUFA con- 
tent affect the vitamin E status.^ ^ For 
example, rats ingesting a diet containing 20 
percent of safflower oil (E:PUFA= 0 . 34 ) 
had about the same tissue a-tocopherol 
content as rats ingesting a diet with 20 per- 
cent of a modified corn oil with a ratio of 
0 . 25 .^® It would appear that until more 
information is available on dietary factors 
that influence vitamin E nutritional status, 
a simple ratio should not be used.®®’^^ 

Novel Effects 

Whereas a-tocopherol appears to func- 
tion primarily as a stabilizer of lipid struc- 
tures in animal tissues, observations of 
some novel effects of the vitamin on the 
fresh water rotifer, Asplanchna sieboldi 
indicate a more complex, metabolic 
action.^ Addition of a-tocopherol to the 
medium produced a significantly larger 
adult body size, and also caused the 
normally parthenogenic females to have an 
altered phenotype and produce male off- 
spring. These effects were very specific for 
a-tocopherol, with other tocopherols or 
antioxidants being inactive. Earlier, a 
growth-stimulating effect of vitamin E on 
the insect larvae, Agria af finis, was re- 
ported.^® The observation that a- 
tocopherol quinone was just as effective as 
a-tocopherol in increasing longevity in 


nematodes^® suggests that some of these 
effects on lower animals may be due to 
structural aspects of these compounds un- 
related to the functional hydroxyl group of 
a-tocopherol. 

Structural Analogs 

Structure-function relationships received 
renewed interest with the synthesis of 
various amino and substituted amino ana- 
logs.^ ^ When the hydroxyl group of the 
tocopherols was replaced by an amino 
group, the resulting tocopheramines had 
the same biological activity as the corre- 
sponding tocopherols. When the hydroxyl 
group was replaced by a methyl-amino 
group (CH3-NH-), then these analogs of i 3 - 
and 7-tocopherols became fully as active as 
a-tocopherol, and were stored in tissues as 
well as or better than a-tocopherol.^® 
These studies indicate that three methyl 
groups around the chroman ring are essen- 
tial for full activity but that the position of 
the methyls is not critical. Earlier studies 
had shown that either a shorter or un- 
saturated side chain reduced activity. □ 
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BLUNTED RESPONSE TO ORAL ALANINE FEEDING IN 
SMALL-FOR-GESTATIONAL-AGE INFANTS 

Small-for-gestational-age infants show a defect in gluconeogenesis 
during the first day of life. 


Key Words; glucagon, glucose, small birth weight, 
prematurity, placental failure, alanine, gluconeo- 
genesis, infant nutrition 

Small-for-gestational-age infants (below the 
tenth percentile based upon menstrual his- 
tory and the method of Dubowitz et al.)^ 
usually represent intrauterine growth re- 
tardation due to placental insufficiency 
which is also associated with toxemia 
during pregnancy. Twenty-one such infants 
were compared to 26 infants who were be- 
tween the tenth and 90th percentile in 
weight.^ All infants were studied within 
the first 96 hours of birth; half of the in- 
fants were studied before any feeding, and 
the remaining infants were examined after 
several feedings. All were given a test meal 
of 500 mg per kilogram of L-alanine orally. 
Blood samples were obtained before and 
after 30 and 60 minutes under acceptable 
conditions to permit analysis for glucose, 
alanine, glucagon, and insulin. 

Alanine feeding was studied because this 
amino acid stimulates glucagon secretion 
and enhances gluconeogenesis in adults and 
in full term newborn infants. Small-for- 
gestational-age infants have a higher inci- 
dence of hypoglycemia, which is attributed 
to both decreased hepatic glycogen reserve 
and impaired hepatic gluconeogenesis.^ 

In studies conducted during the first 24 
hours of life, baseline plasma alanine levels 
were significantly higher in the small-for- 
age infants (1030 ± 60 gM) than in the 
normal infants (590 ± 90 ijlM). After ala- 
nine feeding, both groups showed similar in- 
creases in plasma alanine levels, with the 
small-for-age group maintaining their rela- 
tively higher levels. Baseline glucagon levels 
were slightly, but not significantly, higher 
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in the small-for-age group of infants; after 
alanine feeding there was an increase in 
plasma glucagon levels in both groups. In 
the case of insulin, the baseline values were 
similar in the two groups of infants, and 
rose significantly after alanine feeding only 
in the normal infants. 

Blood glucose values were similar in the 
two groups of infants; however, only the 
normal size group responded with an in- 
crease of blood sugar to alanine administra- 
tion, the small-for-age group showing if 
anything a decrease of blood sugar. 

In contrast to the above results obtained 
during the first 24 hours of life, in older 
infants (25 to 96 hours), baseline values for 
plasma alanine, glucose, and alanine were 
the same in the two groups of infants. 
There was no change in the glucose, gluca- 
gon, or insulin levels after alanine feeding 
in either group. Baseline glucose levels were 
higher, however, in the older than in the 
younger infants. 

The data show that in very early life (less 
than 24 hours) the small-for-gestation-age 
infants do not enhance glucose output after 
ingestion of a gluconeogenic amino acid, in 
contrast to normal infants of the same age. 
In an editorial comment on the article of 
Williams et al.^, Hahn‘S points out that 
upon delivery the small-for-gestational-age 
infant lacks supplies of glycogen and fat, 
having been malnourished in utero for 
some time. Nevertheless, even in this group 
there is a glucagon response to alanine feed- 
ing in the sequence of events believed to 
occur immediately after birth, namely; a 
decrease in blood glucose; an increase in 
glucagon release; activation of liver and fat 
adenylcyclase; activation of glycogenolysis 










and lipolysis; and induction of gluconeo- 
genic enzymes. 

Hahn also refers to the work of Reisner, 
et al.^ who found a rise in blood sugar in 
response to glucagon, even in the small-for- 
gestational age infants, but points out.some 
differences in the protocols from those of 
Williams et al. Hahn emphasizes the im- 
portance of the glucagon response toward 
setting in motion the adjustment of meta- 
bolism in the newborn infant, and suggests 
that glucose infusion for hypoglycemia in 
the newborn may be detrimental to meta- 
bolic adjustment since it suppresses glu- 
cagon release. □ 
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GASTRIC EMPTYING, PANCREATIC AND 
BILIARY SECRETION DURING DIGESTION 

The type of meal determines the duration of gastric emptying which in turn 
influences the duration of pancreatic and bile secretions in normal human beings. 
1 1 may be that the meai flow is the stimulus which evokes the cholecystokinin- 
pancreozymin release from the small intestine, which in turn, determines the 
quantities of secretion of the pancreas and biliary system. 


Key Words: trypsin, lipase, bile acid, gastric 
emptying 

One of the most difficult nutritional prob- 
lems to treat in medicine is the short-bowel 
syndrome, not only because of the failure 
of the gut to absorb materials properly, but 
also because of body fluid and nutrient loss 
into the gut lumen. The problems are 
directly related to the length of small in- 
testine which is functional and the ability 
of this length to adapt its secretory and ab- 
sorptive functions. Those individuals with 
small lengths which fail to adapt properly 
gradually lose body weight. Fluid loss and 
failure to absorb are related to changes in 
transport function of the gut and are com- 
pounded by hypersecretion of the stomach. 
Sometimes selective gastric resection im- 
proves clinical conditions. Hopefully, a 
physiologic approach to therapy can be 


defined when more is known about de- 
rangements but little quantitative knowl- 
edge is available even in normal people. A 
recent paper is a step forward in this re- 
gard. Brunner and his co-workers describe 
gastrointestinal reactions to such stimuli as 
caloric content and volume of foods, and 
their relationships to gastric emptying, 
pancreatic, and bile secretion.^ Although 
the study was not done to form the basis 
for treatment of the short-bowel syndrome, 
perhaps the data can eventually be applied 
to formulate a logical dietary approach in 
the treatment of this disorder. 

The investigators set out to quantify and 
correlate digestive mechanisms under phy- 
siologic circumstances. They measured 
simultaneously, gastric emptying and total 
outputs of biliary constituents and pan- 
creatic enzymes in response to meals. 
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Healthy subjects consumed three liquid test 
meals and studies were done for 12 to 24 
hour periods. Eighteen volunteers were as- 
signed to three groups of six subjects each. 
Each group ingested a liquid test meal of 
different caloric content. The nature of the 
experiment was such that the meals had to 
be given via a gastric tube in three equal 
caloric portions at 8, 12, and 6 PM. The 
low calorie (LC) was 20; the medium cal- 
orie (MC) was 30; and the high calorie (HC) 
was 40 kcal per kilogram of body weight. 
The meals were 40 percent fat, 46 percent 
carbohydrate (dextrose), and 13 percent 
protein which was skim milk powder. To 
quantitate pancreatic and bile secretion, 
isotonic saline containing polyethylene 
glycol as a volume indicator and radioactive 
cholesterol was perfused in the second 
portion of the duodenum at a rate of 2 ml 
per minute. Sampling of intestinal contents 
was achieved through ports in the tube near 
the ligament of Treitz and 30 cm distally in 
the jejunum. Radioactive chromium was 
placed in the test meals so that the volume 
of the meal passing the duodenum could be 
assessed. Bile acid kinetics and pool size 
were assessed by measuring the appearance 
of radioactive bile salts in the intestinal 
lumen. The radioactive bile salts had been 
given four days prior to the perfusion. 
During the study there was no significant 
reflux of duodenal contents into the 
stomach. 

Gastric emptying was exponential during 
most of the digestive period, followed by a 
terminal phase of rapid emptying. The time 
for emptying was greater for meals higher 
in calories and volume. In only two of the 
18 subjects did the stomach empty com- 
pletely between successive meals. 

Bile acid output increased rapidly above 
the basal secretion immediately after the 
first meal. It continued to remain elevated 
throughout the rest of the study period of 
12 hours and then gradually declined after 
the 6 PM meal. 

The hourly trypsin output during the 
first 18 hours after ingestion of test meals 
was similar in all groups. There was a sig- 
nificant increase above the basal secretion 
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after the first meal. This also tended to 
remain elevated for more than 12 hours. 
The trypsin output in the low calorie group 
tended to return to baseline sooner than it 
did in the medium and high calorie groups. 
During the first 12 hours in which the three 
meals were ingested, total bile acid and 
cholesterol outputs were significantly 
higher than outputs in the second 12 hours 
in all groups. The caloric and volume size 
of the meals apparently did not affect the 
total bile acid and cholesterol output, 
which were similar for all three groups of 
subjects. In the second 12 hours, however, 
bile acid and cholesterol outputs were sig- 
nificantly lower in the LC group than in 
the MC and HC groups. This resulted in a 
lower 24-hour output of bile acid and cho- 
lesterol in the LC group. The bile acid pool 
size was similar in all groups and correlated 
very poorly with body weight (r=0.53) or 
body surface (r=0.55). Bile acid pool circu- 
lated approximately four times during the 
24 hours of observation in the LC group 
and about six times in the MC and HC 
groups. 

Trypsin and lipase, as representatives of 
pancreatic enzyme output, were signifi- 
cantly higher during the first 12 hours than 
in the subsequent 12 hours in the LC 
group. In the subsequent 12 hours in which 
no meals were fed, the output of these 
enzymes decreased in the LC group but 
remained elevated in the MC and HC 
groups. Thus, less of these enzymes were 
secreted in the LC group. 

These data show that the nature of the 
meal controlled the duration of gastric 
emptying. This in turn, determined the 
amounts and duration of pancreatic and 
biliary secretion (the arrival of food into 
the proximal small intestine releases gastro- 
intestinal hormones that stimulate gall- 
bladder contraction, bile secretion, and 
pancreatic enzyme secretion). 

Do these data suggest approaches to 
treatment of the short-bowel syndrome? 
Since the total output of bile and pan- 
creatic secretion depends largely on the 
•number of hours required for gastric 
emptying, it may well be that small meals 



of lower caloric density might be most 
beneficial in the treatment of the small- 
bowel syndrome rather than high volume, 
high calorie feedings which in the normal 
individual tend to maintain a persistent ele- 
vation of pancreatic and bile secretion. 
Similar studies, however, are needed in in- 
dividuals with fluid loss problems through 
the gastrointestinal tract. Although loss of 
the small intestine most likely means a loss 
of hormones or other substances which 
turn off gastric, bile, and pancreatic secre- 


tion, this should not alter the search for a 
physiologic approach for dietary therapy. 
With more data, perhaps the loss of fluid 
and nutrients can be successfully overcome. 


1. H. Brunner, T. C. Northfield, A. F. Hofmann, 
V. L. W. Go, and W. H. J. Summerskill: Gas- 
tric Emptying and Secretion of Bile Acids, 
Cholesterol, and Pancreatic Enzymes During 
Digestion. Duodenal Perfusion Studies in 
Healthy Subjects. Mayo Clin. Proc. 49: 
851-860, 1974 


ENDEMIC GOITER AND ANTITHYROID AGENTS 

Although endemic goiter undoubtedly responds to iodinization programs there 
is now considerable evidence that antithyroid factors play an important roie. 


Key Words: goiter, iodine, Escherichia coii, anti- 
thyroid agents 

There is abundant evidence that the iodini- 
zation of salt markedly reduces the pre- 
valence of endemic goiter. Thus, endemic 
goiter is generally considered to be the 
result of iodine deficiency. Accumulating 
evidence, however, emphasizes the role of 
antithyroid agents which apparently play 
an important part either by modifying the 
iodine or by preventing iodinization from 
being completely effective. 

Working in the sub-Himalayan region at 
the turn of the present century. Sir Robert 
McCarrison attributed the goiter there to a 
living agent. The heroic experiment where- 
in he along with other volunteers drank the 
suspended matter from the local streams, 
believed by him to be polluted, and subse- 
quently developed a goiter, will forever 
remain a classic.^ Although Greenwald 
tried to keep up the banner of this theme,^ 
not much attention has been paid to this 
aspect. Even where this etiological factor is 
referred to,^ one can discern an underlying 
note of skepticism. 

Extensive studies in Cali, Colombia, by 
Gaitan^ apparently demonstrated that the 
occurrence of goiter could not be corre- 
lated with differences in iodine consump- 
tion but could be correlated with the 


source of drinking water. Water from 
districts with a high incidence of goiter was 
found to have "thiourea-like antithyroid 
activity". In experimental animals the 
water caused enlarged thyroids, impaired 
^^^1 uptake, decreased thyroidal iodine 
content, and impaired the formation of 
diiodotyrosine. Dichloromethane extracts 
of the goitrogenic waters revealed a group 
of saturated and unsaturated aliphatic 
hydrocarbons, some of which were sul- 
fu rated, which were fractionated and tested 
for biological activity. Three sulfurated 
hydrocarbons with marked antithyroid 
activity were obtained. 

Gaitan and co-workers suspect that such 
water-borne goitrogens are causally related 
to the endemic goiter in the Cauca Valley 
of Colombia. If the goitrogens are of 
geologic origin, they are presumably from 
marine sedentary rocks. These rock forma- 
tions, rich in hydrocarbons, are sporadi- 
cally exposed on both sides of the Cauca 
Valley. 

Endemic goiter has been identified in 
areas of Kentucky and West Virginia. 
Vought and his colleagues®’^ found no 
evidence of dietary deficiency of iodine in 
these areas. The supply of drinking water 
was not protected in these areas nor were 
there proper facilities for sewage disposal. 
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Vought et al.® studied the effects of ex- 
tracts of Escherichia coii on rats in an 
attempt to evaluate the possibility that 
bacterial infection might play a role in 
goitrogenesis. 

£ coii Poly A, Poly B, Poly C, and E. 
coii isolated from a polluted spring in Rich- 
mond county, Virginia, were used for the 
study. The polluted spring supplied a small 
population claimed to be highly goitrous. 
Bacterial cultures were prepared by either 
vat fermentation described in detail in the 
report or by conventional incubation pro- 
cedures. The cultures were centrifuged, the 
supernate was filtered, and the filtrate 
lyophilized. The crude extract was frac- 
tionated by ultrafiltration and fractions 
with molecular weight between 5x10"^ 
and 1 X 10® were routinely used for the 
testing of antithyroid activity. 

Young male rats were placed on a low 
iodide diet for ten to 14 days. The test 
material was then injected subcutaneously. 
The control animals received distilled water 
or the residue from sterile broth, in place 
of the test material. Sodium ^®^l was in- 
jected intraperitoneally half an hour later. 
The thyroid was counted after three hours. 
The neck probe contained a preamplifier 
which was fed to a rate meter. This helped 
in achieving a better reproducibility. 

Antithyroid activity reflected as a re- 
duced uptake of I by the thyroid was 
present in the 5 x lO'^ to 10 x 10^ molecu- 
lar weight fraction of the cell-free extract 
of the £. coii. The authors are cautious in 
their claims but the results do indicate that 
E. coii may produce goitrogenic agents. As 
Stanbury® stated, such goitrogens are 
probably low in concentration and may 
normally be ineffective but may achieve 
significance when the supply of iodide is 
limited. 

Many of the world's goitrous zones to- 
day are in the developing nations where 
bacterial pollution of drinking water and 
food is common. Studies on the effects of 


bacteria as well as minor constituents of 
the water supply may provide the explana- 
tion for the prevalence of goiter which does 
not seem possible on the basis of iodine 
deficiency alone.^°'^^ These kinds of 
studies may also be of significance in de- 
ciding upon appropriate levels of iodide 
fortification. □ 
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TYPE III HYPERLIPOPROTEIMEMIA 


I 

Type /// hyperlipoproteinemia is a disease of adults with an increase in blood 
cholesterol , triglycerides, and very low density lipoproteins. Xanthomas are present 
with the classic xanthoma striata palmaris most evident. Subjects have, most commonly, 
ischemic heart disease, peripheral vascular disease, or a combination of both. 

It is one of the most responsive disorders to dietary management. 


I Key Words; plasma cholesterol, triglycerides, lipo- 

I proteins, xanthomas, hyperlipoproteinemia 

Type III hyperlipoproteinemia is diagnosed 
by its lipoprotein pattern, elevated plasma 
cholesterol, and triglyceride concentra- 
tions. Cutaneous and subcutaneous xan- 
thomas are present and a high hazard for 
premature atherosclerosis has been shown. 

: Type III disease is not rare. Since it re- 

sponds well to dietary therapy and since it 
can be most easily diagnosed from its clini- 
I cal features, its recognition is important. A 
report of 50 patients with Type III disease 
has been summarized from clinical and bio- 
chemical aspects.^ Subjects were over 19 
years of age and initial levels of blood tri- 
I glycerides exceeded 190 mg per 100 ml. 

The diagnosis was established from bio- 
I chemical data when the ratio of the dif- 

; ference between the concentration of cho- 

I lesterol in whole plasma and the ultra- 
centrifugally isolated plasma fractions of 
density greater than 1.006 was divided by 
the plasma triglyceride concentration and 
the ratio found to be not less than 0.3. The 
i chemical diagnosis was suspect if trigly- 


cerides were less than 150 or greater than 
1000 mg per 100 ml. Furthermore, when 
the ratio was between 0.25 and 0.29 it was 
felt that "possible type III hyperlipo- 
proteinemia" was the diagnosis. The age of 
onset of Type III was arbitrarily defined as 
the age at which the patient was first found 
to have hyperlipidemia, xanthomas, or defi- 
nite vascular disease. 

Subjects with definite Type III disease 
were between the ages of 23 to 70 at the 
time of diagnosis; the mean age in men was 
40 and in women it was 50. The lipid and 
lipoprotein concentrations in the untreated 
state are shown in Table 1. The most ob- 
vious abnormality in lipoprotein concentra- 
tions was the marked elevation in the very 
low density lipoproteins; control values 
were only 1 4 to 21 mg per TOO ml for com- 
parison. On the other hand, low density 
and high density lipoprotein concentrations 
appeared to be somewhat decreased. 

All the patients were instructed in a diet 
designed to bring them to ideal weight and 
maintain them on a daily intake providing 
approximately 40 percent of calories from 


! 


Table 1 


i 

i 

Cholesterol 

High Density Low Density 

Triglycerides Lipoproteins Lipoproteins 

Very Low Density 
Lipoproteins 

I 

'r 


milligrams per 100 ml 



Men 440 694 37 113 268 


Women 470 705 39 131 307 
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carbohydrate and fat, and 20 percent from 
protein. In 25 subjects, a weight loss oc- 
curred during the early period of negative 
calorie balance. A striking response of 
plasma lipids and lipoproteins was noted 
after dietary therapy. In 12 subjects, clofi- 
brate was required along with the diet 
therapy. Again, an excellent response was 
noted (see Table 2). In one subject treated 
by diet alone whose plasma triglycerides 
were 2060 mg per 100 ml, a normal value 
of 160 mg per 100 ml was recorded. Cho- 
lesterol in the same subject also decreased 
from 632 to 1 74 mg per 1 00 ml with use of 
only diet therapy. 

The most common form of lipid deposi- 
tion was xanthoma striata palmaris. Xan- 
thoma striata palmaris consists of unusual 
yellow deposits in palmar creases. Sixty- 
four percent of the patients demonstrated 
this lesion. The incidence of vascular di- 
sease was high; some 40 percent of the 
patients had detectable disease. About 
one-third of the patients had ischemic heart 
disease and one-third had peripheral vas- 
cular disease; 22 percent of the subjects 
had both of these diseases. Five patients 
had episodes of cerebral vascular insuffi- 
ciency. Ischemic heart disease was detected 
earlier in men than in women. 

Hyperuricemia was present in 40 percent 
of the subjects and 55 percent had abnor- 
mal glucose tolerance tests. Only two 
patients, however, had fasting hyper- 
glycemia. Neither patient required insulin 


average index for the general population 
which is in the region of 25. 

All of the subjects had normal blood 
urea nitrogen and serum creatinine, alkaline 
phosphatase, glutamic oxalacetic trans- 
aminase, glutamic pyruvate transaminase, 
bilirubin, calcium, phosphorus, and electro- 
lyte concentrations. Protein electrophoresis 
was normal. All patients had normal hema- 
tocrits and normal thyroid function tests 
except for two subjects with thyroid dys- 
function. Many of the subjects had con- 
comitant diseases not related to hyper- 
lipoproteinemia which included hyper- 
tension, nephrolithiasis, gout, peptic ulcer, 
diabetes mellitus, and asymmetric septal 
hypertrophy. Others had leukopenia, 
factors 9 through 1 1 deficiency. Von Wille- 
brand's disease, and benign monoclonal 
gammopathy. Six subjects had cholelithia- 
sis, one patient had hypothyroidism, and 
another had hyperthyroidism. The age of 
onset of vascular disease in the Type III 
disease was 38 for men and 50 for women, 
peripheral vascular disease 38 and 50, and 
cerebral vascular disease 58 and 54, respect- 
ively. 

In the relatives, 49 of 107 had hyper- 
lipidemia; an additional 14 had trigly- 
cerides greater than 150 although below 
the 90 percent cut-off limit for study. An 
additional 17 adult relatives had Type IV 
disease. Five others had abnormal low den- 
sity lipoprotein concentrations, three of 
which had hyperglyceridemia, and two 


: or was known to develop ketosis. with normal triglycerides. The prevalence 

f Body mass was defined as a body mass of Type III disease in the relatives was 25 

index and it was noted that this index, ap- percent. Consanguinity was established in 
M proximately 28, was higher than the only one kindred. 


Table 2 

Cholesterol 

Triglycerides 

High Density 
Lipoproteins 

Low Density 
Lipoproteins 

Very Low Density 
Lipoproteins 



mi 1 1 i grams per 100 

ml 


Diet Therapy 

185 

131 

40 

96 

50 

Diet Therapy 






+ Clofibrate 

170 

123 

44 

88 

39 
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Type III disease is seen primarily in 
adults and this was true in this study. There 
is only one report of such a case in a child; 
an obese 10-year-old boy who had xan- 
thomas and hyperlipidemia. Usually xan- 
thomas or atheriosclerotic vascular disease 
is the reason Type III patients consult a 
physician. 

In this study 81 percent of the subjects 
and 42 percent of the unsuspected Type III 
relatives had xanthomas. After therapy, 
xanthomas regressed uniformly, but disap- 
pearance of all the cutaneous lesions has 
not occurred with the use of diet or diet 
and drug therapy. The diagnosis is strength- 
ened if abnormal glucose tolerance test and 
hyperuriciemia is noted, because both of 
these findings are present in between 33 
and 43 percent of the subjects. Intermit- 
tent claudication in a relatively young man 
or woman with hyperlipidemia should lead 
one to suspect Type III hyperlipopro- 
teinemia. 

These authors note that hypocaloric con- 
ditions and achievement of ideal body 
weight markedly lower plasma lipid levels. 


Nutrition therapy is the single most effec- | 
tive means to control hyperlipopro- 
teinemia. In the maintenance diet of 40 
percent carbohydrate, 40 percent fat, and 
20 percent protein, a polyunsaturated to 
saturated fatty acid ratio of 2:1 is sug- 
gested, with restriction of cholesterol and 
alcohol. A striking feature of patients with 
Type III is the tendency to demonstrate 
marked swings in plasma lipid concentra- ; 
tions from week to week, apparently re- j 
fleeting sensitivity to dietary manipulation j 

and carbohydrate induction. Hypocaloric j 

conditions markedly lower plasma lipid j 
levels and the achievement of ideal body | 
weight appears to be the most effective | 
aspect of therapy. The importance of each | 
of the components of the recommended | 
diet have not yet been rigidly demon- 
strated. □ 


1. J. Morganroth, R. I. Levy, and D. S. Fredrick- 
son; The Biochemical, Clinical, and Genetic 
Features of Type III Hyperlipoproteinemia. 
Ann. Int. Med. 82: 158-174, 1975 
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THE ETIOLOGY OF THE DEFICIENCY 

DISEASES. 


BEET-BEEI, POLYNEUEITIS IN BIEDS, EPIDEMIC DEOPSY, SCUEVY, 
EXPEEIMENTAL SCUEVY IN ANIMALS, INFANTILE SCUEVY, 
SHIP BEEI-BEEI, PELLAGEA. 

BY 

CASIMIPv FUNK, Ph.D. 

The diseases mentioned above present certain general characters 
which justify their inclusion in one group, called deficiency diseases. 
They were considered for years either as intoxications by food or 
as infectious diseases, and twenty years of experimental work were 
necessary to show that diseases occur which are caused by a 
deficiency of some essential substances in the food. Although this 
view is not yet generally accepted, there is now sufficient evidence 
to convince everybody of its truth, if the trouble be taken to follow 
step by step the development of our knowdedge on this subject. 
This article is written with the intention of giving a summary of 
the modern investigations, and bj^ means of a careful selection of 
references to facilitate the research for anybody who /wishes to 
read the original literature. This careful selection w\as absolutely 
necessary, for there is perhaps no other subject in medicine where 
so many contradictory and inexact statements were made, which 
instead. of advancing the research retarded it by leading investiga- 
tors in a wrong direction. 







All these diseases present some general characters, which may 
be sketched here. The most prominent symptoms are a general 
cachexia with an enormous loss of weight ; marked nervous 
symptoms are often present, which are due probably to the 
degeneration of the peripheral nervous system. It is now known 
that all these diseases, with the exception of pellagra, can be pre- 
vented and cured by the addition of certain preventive substances; 
the deficient substances, which are of the nature of organic bases, 
we will call vitamines and we will speak of a beri-beri or scurvy 
vitamine, which means a substance preventing the special disease. 
As regards the classification two different groups present them- 
selves : the beri-beri group and the scurvy group. The investiga- 
tions made on pellagra, however, have not yet resulted in a sufficient 
elucidation of its etiology to establish it as a deficiency disease and 
it is included here provisionally owing to its similarity in some 
respects to the other diseases mentioned. 


© © 


© 


The Eesults of oub Knowledge of Deficiency Diseases 
Applied to Animal Metabolism and Nutrition. 

The results of modern investigation of deficiency diseases seem 
to be unknown to most physiologists. I noticed only one resume 
which draws attention to the deficiency diseases with regard to 
general metabolism; this is the resume of Mandel on protein 
metabolism [88]. The food was up to now valued only by its 
content in proteins, fats and carbohydrates, and calories value. 

© © © 


From the present resume we can conclude that all the deficiency^ 
diseases can be prevented by a complete diet. A monotonous diet 
ought to be avoided, because in this case a deficient food is made 
use of for long periods and prepares the ground for the outbreak oi 
the deficiency diseases. There is no doubt that as our knowledge 
of the relative value of different foodstuffs increases we will be able 
to prevent completely the outbreak of the latter. 


EXPE^ili\^EMTAL l^iyTKITOOi^ 


MALNUTRITION, SALIVARY VOLUME AND 
PROTEIN CONCENTRATION 

Protein deficiency in rats during the nursing period resulted in a low rate 
of saliva production with a reduced total protein secretion by the salivary 
glands although the actual protein concentration was increased. 


Key Words: protein deficiency, salivary gland 
development, saliva production, salivary protein 
secretion 

The influence of marginal protein defic- 
iency in rats on the development of their 
teeth, on their salivary glands, and on their 
susceptibility to dental caries, even after 
the protein deficiency was stopped, has 
been the subject of active interest over the 
past decade or so.^ The reason for the 
sharp increase in caries susceptibility as a 
result of relatively brief periods of marginal 
protein deficiency has not been defined. In 
the search for an explanation of this 
phenomenon, Menaker and Navia studied 
the effect of protein deficiency during 
lactation on the volume and protein con- 
centration of whole saliva.^ Two groups of 
female rats were maintained on an other- 
wise nutritious diet containing either 8 or 
25 percent protein from the fifth day of 
pregnancy until their pups were weaned at 
19 days postnatal ly. 

All litters were equalized at eight in 
order to exert the same strain upon each 
mother, for the profound influence that 
litter size has upon body weight of the off- 
spring has been demonstrated repeatedly. 
For example, Madeira and his co-workers 
compared the rate of gain in body weight 
and the rate of eruption of the incisors in 
ten litters with two pups each, in ten litters 
with six pups each, and in seven litters with 
12 pups each.^ The litters were weaned at 
30 days of age. The average increase in 
body weight was significantly reduced as 
the litter size increased. The rate of incisor 
eruption was slightly, but not significantly, 
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slower among the rats 12 to a litter than 
among those two to the litter at 25 to 27 
days of age. The reduction in rate of incisor i 
eruption was observed again in the large | 

litters at 44 to 46 days of age, although the | 

litters had been weaned two weeks earlier; ' 
at this age the reduction was statistically 
significant. 

After weaning at 19 days of age, in 
Menaker and Navia's experiment, the rats 
from both the normal and protein-deficient 
dietary groups were maintained on an 
adequate diet containing 20 percent lactal- 
bumin.^ Saliva was collected over a one 
hour period after pilocarpine stimulation 
on the 16th, 24th, and 35th days of age. | 
The volume of saliva and the protein con- 
centration were determined. From these 
data, the absolute amount of protein 
secreted was calculated. Rats were sacri- i 
ficed at 1 6, 24, and 35 days of age. The 
submandibular glands of rats which had not 
been salivated were removed and their wet 
weights determined at each age interval. 

Caries evaluations were made for the rats 
sacrificed at 35 days of age. 

At birth the pups of the mothers on the 
protein-deficient diet were only slightly 
smaller than those born to mothers re- 
ceiving the diet containing 25 percent ' 

protein. By weaning at 19 days of age, \ 

however, the differences in body weight ^ 

were striking. Reading from the graph as f 

the only source of data on weight, the j 

deficient offspring weighed about 20 g in I 

comparison to 45 g for the weanlings of the 
control mothers. Although the rats from 
the deficient mothers were transferred to 




the diet with adequate protein at weaning, 
the gap in body weight was never closed, so 
that at 35 days of age the rats with the 
deficient background weighed about 45 g 
in comparison with 100g for those with 
the normal protein background. In other 
words, the experimental pups grew less 
than half as rapidly over the 16-day experi- 
mental period after weaning as the control 
pups. 

The wet weights of the submandibular 
glands from the deficient pups were much 
lower at all three ages than for the normal 
pups. The ratios of average gland weight for 
the deficient rats to the average gland 
weight for the normal rats were 40.2, 39.0, 
and 55.4 percent for the 19, 24, and 35- 
day-old rats, respectively. These reduced 
weights for the glands from the protein- 
deprived rats are striking and statistically 
significant. As described in the preceding 
paragraph, however, the body weight 
differences between the deficient and 
normal rats are similarly striking. For 
example, reading again from the graph, the 
ratios of average body weight of deficient 
pups to the average body weight of control 
pups are around 43 to 45 percent for the 
three ages. In other words, the growth of 
the salivary glands has not been preferen- 
tially penalized; indeed, the values for the 
35-day-old rats suggest that the deficient 
rats at this age have slightly larger sub- 
mandibular glands in relation to their body 
weights than do the controls. 

The volume of saliva produced under 
pilocarpine stimulation was very much less 
in the deficient rats at all three ages than 
among those with an adequate dietary pro- 
tein background. The volume for the 
deficients was consistently only about one- 
fifth that of the controls; in both popula- 
tions from deficient and normal mothers, 
the volume increased about seven-fold from 
the 16th to the 35th days. The reductions 
in saliva volume among the rats from 
protein-deficient mothers are statistically 
significant at the three ages. Even when the 
data were taken one step further than by 
the authors and expressed in terms of 
volume of saliva per milligram of gland, the 


rate of saliva production by the deficient 
rats was only about one-half that in the 
control rats. 

The protein concentration in whole 
saliva was higher at all three ages in the rats 
from deficient mothers than in the control 
rats. These increases were statistically sig- 
nificant. However, when the total protein 
in the saliva was calculated by multiplying 
the volume of saliva by the protein concen- 
tration, the absolute amount of protein 
secreted by the protein-deprived rats was 
significantly less at all three ages than for 
the controls. The reduction in protein 
secreted was about three-quarters for each 
of the three age groups. The fact that the 
35-day-old rats from deficient mothers had 
had the adequate protein diet for 16 days 
had no effect on the absolute amount of 
protein secreted. When related to either 
gland weight or body weight, this very 
striking reduction in protein secretion 
means that the glands of the deficient rats 
secreted less than half the protein on a 
gland weight basis and the mouths of these 
rats were bathed with less than half the 
salivary protein of normal rats. An interest- 
ing project would be to examine whether 
any of the proteins such as the secretory 
immunoglobulins were especially affected. 

The caries scores for the deficient rats at 
35 days of age were much higher than for 
the controls (p< 0.001). This observation 
corroborates again those from several 
similar studies conducted over the past 
decade. The authors suggest that, in part at 
least, the observed changes in volume and 
protein concentration of the saliva con- 
tributed to the increased caries activity. 
This hypothesis is entirely reasonable in 
view of the massive literature demon- 
strating increased caries activity in experi- 
mental animals as a result of surgical 
removal of one pair or all major glands and 
rampant caries in man in the case of 
congenital absence of one or more salivary 
glands, surgical removal, irradiation 
damage, or diminished flow due to 
Sjogren's disease. 

It is worth emphasizing that although 
the retardation in the growth of the young 
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rats was produced by feeding a protein- 
deficient diet to the mothers, it is probably 
inappropriate to attribute this to protein 
deficiency in the young animals. The 
limitation of protein in lactating animals 
probably does not produce a protein- 
deficient milk but rather produces less 
milk. Thus the result in the young animals 
is similar to that produced by large litters 
compared to small litters rather than pro- 
tein deficiency per se in the young 
animals. □ 
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ADAPTATION TO LOW PROTEIN INTAKES 


in rats urea nitrogen changes rapidly in response to the protein intake. A most 
striking phenomenon is that key hepatic enzymes involved in nitrogen disposition 
change in concert and to similar degrees in response to the alterations in diet. 


Key Words: urea, urinary nitrogen, enzymes, 
casein, protein intake, half-lives 

It is well accepted that nitrogen output 
falls as intake is reduced, but the mech- 
anisms underlying this simple but funda- 
mental process are poorly understood. It is 
known that the major component of 
urinary nitrogen is usually urea. It has also 
been established that in malnourished 
children urea as a fraction of urinary nitro- 
gen is depressed.^ The rate at which these 
changes take place is not clear and an in- 
vestigation of the mechanisms involved 
cannot be obtained with human subjects. It 
has been shown that when the protein in- 
take is markedly reduced the urinary ex- 
cretion stabilizes in adult men after approx- 
imately six to ten days^ and in the infant 
in approximately two days."^ 

Das and Waterlow^ used young rats, 
altered their nitrogen intake, and studied 
the nitrogen output and the changes in 
hepatic enzymes which are concerned with 
urea metabolism directly or indirectly. The 
enzymes they studied were the urea cycle 
enzymes arginase, argininosuccinate lyase, 
and argininosuccinate synthetase as well as 
glutamate dehydrogenase and two trans- 
aminases, alanine aminotransferase, and 
aspartate aminotransferase. The last three 
were chosen because they make amino 
groups available for entry into the urea 
cycle. 


In the first major experiment, the effect 
of reducing the casein content of the diet 
was studied. Rats were changed from a high 
(135 g of casein per kilogram) to a low (45 
g of casein per kilogram) protein diet and 
urine collected in six hourly periods. It was 
found that urinary nitrogen reached the 
level appropriate for the low intake after 
24 to 30 hours. Rats were sacrificed at ap- 
propriate intervals and the six hepatic 
enzymes which originally showed a high 
activity on the high protein diet, then de- 
creased and reached their new level in 
about the same time. The striking phe- 
nomenon was that all six enzymes changed 
at the same rates and to a similar degree. 
When the lowest activities of the six 
enzymes were expressed as a percent of the 
value on the high protein diet, at 30 hours 
they ranged from 32 to 39.5 percent. In 
control rats maintained on the low protein 
diet, the same enzymes were between 30.5 
and 37 percent of the control value. It is 
thus clear that the enzyme levels had 
adapted to the level appropriate for the 
specific diet. 

The converse experiment was then done. 
Rats were maintained on the low protein 
diet for one week, then some were changed 
to the high protein diet. Again, the urinary 
nitrogen reached the appropriate plateau in 
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about 30 hours. Rats were sacrificed in 
groups at regular intervals after the change 
to the high protein diet. By 32 hours all six 
enzymes had almost reached the levels 
appropriate for that protein intake. The 
data from these two experiments were 
combined, and by plotting the rates of 
change of the total enzyme activity with 
time, it was possible to calculate the half- 
lives of the various enzymes. The half-lives 
were all remarkably similar, and were the 
same if the calculations were based on the 
experiments in which the enzyme activities 
were increasing or decreasing. Since the 
half-lives were the same, irrespective of 
whether the enzyme activity was increasing 
or decreasing, the authors contend that the 
changes were caused by a change in the rate 
of synthesis. 

To investigate the possibility that it was 
simply the nitrogen output which affected 
the enzyme levels, rats were fed gelatin 
instead of casein to produce an increase in 
urinary nitrogen. In these experiments, 
although the urinary nitrogen did increase, 
the enzyme activities in the liver. actually 
fell slightly. Body weight also appeared to 
fall. In the converse experiment in which 
rats were changed from the diet with gel- 
atin to the low protein diet, urinary nitro- 
gen fell and the activity of the liver 
enzymes did not change. 

When nitrogen intake was related to out- 
put in rats on the casein diet, there was an 
excellent linear correlation, with a slope 
indicating that a quantity . of nitrogen was 
excreted in the urine equivalent to half of 
the amount ingested. With gelatin there 
were fewer experiments, but there was still 
a linear correlation between urinary nitro- 
gen and nitrogen intake. 

Therefore, this study shows that young 
rats can rapidly reduce their urinary nitro- 
gen in response to lowering dietary nitro- 
gen, and within 30 hours a plateau is 
reached. This provides new information, 
but it is not as significant as the demonstra- 
tion that a wide range of enzymes change 
in concert and at about the same rate in 
response to dietary manipulations. It is 
striking that the enzymes measured differ 
in their intracellular location, and certainly 


in the case of the urea cycle enzymes, 
differ also in basal activity. 

As the authors point out, the change in 
enzyme activity cannot be a reflection 
simply of an increase in urea output since 
increasing urea output by feeding gelatin 
did not cause a rise in the enzyme activity. 
The fact that urea excretion did change 
without a change in urea cycle enzymes is 
taken to indicate that the "potential ca- 
pacity" of the enzymes is not fully utilized. 
Caution should be expressed here. The con- 
ditions under which the enzyme is assayed 
in vitro obviously may have little relation- 
ship to its activity in vivo since levels of 
such factors as substrate, co-factors, and 
pH will be different. 

In those experiments in which the 
enzyme activities increase, could the effect 
be a nonspecific one of increased protein 
intake enhancing protein synthesis gen- 
erally? In that case several other enzymes 
should show increases in activity. However, 
a nonspecific rise in soluble protein appears 
unlikely. With a change in dietary casein 
from 40 to 135 g per kilogram, the total 
hepatic arginase activity rose some four- 
fold and aspartate aminotransferase rose 
similarly. It is unlikely that soluble liver 
protein would increase four-fold. 

The authors considered the possibility 
that hormones might be the signal for the 
change in enzyme activity and referred to 
the work of McLean and Gurney® which 
showed that cortisol increased urea cycle 
enzymes. Here one should point out that in 
adrenalectomized rats those authors found 
that although the urea cycle enzymes 
changed, their degree of change was vari- 
able, and the aspartate aminotransferase 
activity did not change. Schimke,^ how- 
ever, has proven that steriods are not the 
signal for the changes in urea cycle en- 
zymes in response to dietary alterations. He 
showed convincingly that the enzyme pro- 
teins in the two dietary states are identical 
and have identical kinetic characteristics. 
He also showed that the change in activity 
is not simply due to presence of activators 
or absence of inhibitors. There is simply 
more enzyme protein. A fundamental dif- 
ference between Schimke's work and the 
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present one is that the enzyme half-lives are 
so widely different. Schimke showed a 
half-life for arginase of about five days,® as 
compared with eight hours in the present 
study. There obviously cannot be such a 
difference in enzyme protein in the two 
strains of rats. The reason for these dif- 
ferences is not clear, but perhaps relates to 
the different methods used, especially for 
calculations of enzyme half-lives. 

It must be confessed that there is no clue 
from this or other studies as to why these 
enzymes should change in concert. It is 
hard to believe that there is a single genome 
for all six enzymes. The pathway for which 
the single genome theory was proposed 
with most vigor is gluconeogenesis.® We 
know now that although some enzymes 
with widely differing specific activities do 
change together in response to some stim- 
uli, there are some in the pathway which 
do not change, and the degree of change of 
those that do can be widely varied. 

It is hoped that the authors will pursue 
these studies, perhaps measuring the levels 
of the key intermediates to determine if 
and how they do change, and measuring 
other enzymes as well. (Their data on gluta- 
mate dehydrogenase are in conflict with 
other studies.) The problem of the dietary 
control of enzyme synthesis and degrada- 
tion is fundamental in a general physio- 
logical sense. We should know what signals 
the shunting of amino acids into the 
synthetic pathway and not into the path- 
way for degradation and/or excretion as a 
product which is normally not reutilizable 
to any great extent. In situations when pro- 
tein is present in short supply the form of 
control could be important for therapeutic 
reasons. There may be conditions such as 


after surgery or during hyperalimentation 
in which it may be desirable to conserve 
nitrogen by reducing the amount entering 
the pathway for degradation. It is not too 
naive to suggest that if we knew the mech- 'si 
anism of control it might be possible to ' 
adjust it. □ 
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r THE INHIBITION OF CELLULAR UPTAKE OF FOLATE 

BY FOLIC ACID-BINDING PROTEIN 

Studies of the uptake of labeled folates by HeLa cells in tissue culture 
show that folic acid-binding proteins are not transport proteins and 
make folates less available for cellular uptake. 


Key Words: folic acid-binding proteins, pteroyl- 
glutamic acid, tetrahydrofolic acid, HeLa cells, 
^ cellular uptake of folates 

Specific binding proteins for folic acid 
(FABP) have been demonstrated in a 
number of materials. These appear to be 
present in both bovine and human milk^ 
and in the sera from folic acid deficient 
patients. Folic acid-binding materials have 
also been demonstrated in the sera from 
patients suffering from a number of patho- 
logical states and in women taking oral 
contraceptives.^ The identity of the bind- 
ing agents in these various sources has not 
been established but they share some 
common characteristics. These are a rapid 
association rate and a slow dissociation rate 
for the binding of pteroyl glutamic acid 
and preferential binding of oxidized folyl 
mono- and polyglutamates compared with 
reduced folates. There appear to be two 
proteins involved in folate binding, one a 
beta-globulin with a molecular weight of 
around 50,000 and another much larger 
protein. The amounts of FABP in milk are 
much higher than in serum. It has been sug- 
gested that FABP may be a cellular, per- 
j haps membrane-derived protein with the 
j role of regulating cellular uptake, distribu- 
' tion, and storage of the various folate 
coenzymes. 

The true physiological significance of 
FABP is yet to be established. Waxman 
^ and Schreiber^ recently described some 
f studies on the role of these proteins in the 
cellular uptake of folates. 

I The uptake of labeled pteroyl glutamic 
1 acid (^H PGA) and methyl-tetrahydrofolic 
acid (^H methyl-THFA) was studied using 
HeLa cells in monolayer cultures. Some 


HeLa cells were adapted to folate de- 
ficiency by passage through a folic acid free 
medium. The fetal calf serum which is 
usually added to tissue culture media was 
dialyzed and as used contained less than 1 
ng of folate per milliliter. 

The uptake of the labeled folates was 
measured at 37° and at 4°C; ^ H teropterin 
(a folyl polyglutamate) was also studied 
under the same conditions. 

The cells cultured in a normal medium 
showed an increased uptake of both forms 
for some three hours with slight evidence 
of a plateau after one hour. The uptake of 
^H methyl-THFA was greater than for ^H 
PGA at 37° C whereas the uptake of the 
polyglutamate was virtually zero. Uptake at 
4°C was very low and Dilantin (0.1 mg per 
milliliter) and ethanol (1 percent) had no 
effect on the uptake. 

The folate-depleted cells showed a re- 
duced growth rate. It was only half that of 
the normal cells after one week and cell 
death was increased in the folate-deficient 
cells after three weeks. There was also evi- 
dence of deranged DNA synthesis, as 
judged by the suppression of the incorpora- 
tion of ^ H thymidine by deoxyuridine. 
DNA synthesis was restored to normal in 
these cells by the addition of pteroyl 
glutamic acid. 

Uptake of the labeled folates by these 
depleted cells was much greater, by a factor 
of five for ^H PGA and three for ^H 
methyl-THFA compared with the normal 
cells. There was no difference in the uptake 
of the two forms. 

When the cells were incubated with 
various substances (normal sera, folate- 
deficient and uremic sera, cow's milk. 
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beta-lactoglobulin, and human milk) con- 
taining varying amounts of FABP, there 
was a considerable reduction in the uptake 
of the two forms of labeled folates com- 
pared with cells incubated with normal 
human albumin. The inhibition of uptake 
was related to the FABP content of the 
various test substances as measured by their 
capacity to bind ^ H PGA."^ 

HeLa cell cultures are rapidly doubling 
lines so that a large proportion of the cells 
are actively synthesizing DNA at any one 
time. One would therefore expect them to 
have a high requirement for folate. 

The temperature dependence of uptake 
together with the absence of an effect of 
Dilantin or ethanol suggest that an energy- 
dependent active transport mechanism is 
involved in both PGA and methyl-THFA 
uptake. 

The FABP in the various substances and 
sera tested appeared to make the labeled 
folates less available for uptake into the 
HeLa cells. In the sera tested the inhibition 
of PGA uptake was directly propor- 
tional to their FABP contents. It therefore 
appears that FABP in the serum will retard 
the delivery of folates into the cell and that 
FABP is not a serum-delivery protein for 
folate. It is possible that under certain 
conditions serum FABP could produce 
intracellular folate deficiency despite 
adequate serum folate levels. This situation 
has been suggested as the cause of megalo- 
blastic marrow maturation in some uremic 
patients whose sera contain FABP. 

Milk FABP has been shown to depress 
the bacterial uptake of folate. FABP in the 
mammary gland may act as a mechanism 
for accumulating folate from the blood 
plasma into the milk, and in the gut facili- 
tate absorption by preventing folate uptake 
by the intestinal microorganisms.^ The 
milk FABP may influence the availability 
of folate to the neonate as well as influenc- 
ing the ecology of the gut microflora. 


FABP could not be detected in portions 
of the culture media from the HeLa cells 
cultured in the absence of folate although 
it is released into the media by cultures of 
chronic myelogenous leukemia cells.® 
FABP has been demonstrated in the brush 
border cells of rat small intestine and 
human lymphocytes. These suggest that 
FABPs are cellular-derived proteins which 
may be involved in the intracellular accum- 
ulation of folate. FABP in the membrane 
may be the rate limiting factor in folate 
uptake because it could act as a folate 
carrier during transport across the mem- 
brane, its availability then being deter- **i 
mined by the folate state of the cell. 

Much remains to be done before the true 
physiological role of these folic acid- 
binding proteins is established and the 
place of these proteins in folic acid metabo- 
lism is understood. Folic acid nutrition 
represents many puzzling features at 
present and the elucidation of the role of 
these binding proteins may resolve some of 
these problems. □ 
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BISULFITE TOXICITY IN MOLYBDENUM-DEFICIENT RATS 


Bisulfite ion is more toxic to rats made molybdenum deficient by a combination 
of a low molybdenum diet and treatment with tungsten than it is to normal animals. 


Key Words: molybdenum, bisulfite toxicity, 
sulfur-dioxide toxicity 

The effect of nutritional state on the sus- 
ceptibility of experimental animals and 
man to various toxic substances is a newly 
emerging and important area of nutrition. 
A case in point is the recent report of the 
increased susceptibility of molybdenum- 
deficient rats to the toxic effects of the 
important environmental contaminant SOj 
and to bisulfite ion, an ionized form of the 
hydration product of SOg.^ 

The enzyme sulfite oxidase (EC 1.8. 3.1) 
catalyzes the oxidation of sulfite to sulfate. 
It has been purified from the livers of var- 
ious animals, including the rat,^ and has 
been shown to contain molybdenum. It is 
postulated that the physiologic function of 
this enzyme is to oxidize sulfite ions re- 
sulting from the metabolism of sulfur 
amino acids. A case of deficiency of this 
enzyme in humans has been reported.^ 
This child excreted no sulfate in his urine. 
He also exhibited severe neurologic defects. 
It is possible to produce a deficiency of 
sulfite oxidase activity in experimental 
animals by feeding a low molybdenum diet 
(30 Mg per kilogram of diet) and allowing 
the animals free access to deionized water 
supplemented with 100 ppm tungsten as 
sodium tungstate.^ Tungsten has been 
shown to be a competitive antagonist of 
molybdenum in animal systems.^’® 

It has recently been reported that sulfite 
oxidase is involved in regulating the toxi- 
city of SO 2 and bisulfite.^ In these studies 
rats were fed a low molybdenum diet and 
allowed access to deionized water supple- 
mented with tungsten. After three weeks 
on this diet, the hepatic sulfite oxidase 
activity and liver molybdenum content 
were about 10 percent and 5 percent, re- 


spectively, those of controls fed the low 
molybdenum diet but without tungsten. 
The activity of xanthine oxidase, another 
molybdenum requiring enzyme was also 
markedly reduced. Otherwise, the animals 
appeared healthy. The tungsten treatment 
had no effect on body or liver weight. 

After three to five weeks on the diet the 
LD 50 of sodium bisulfite, administered by 
intraperitoneal injection, was determined. 
The animals deficient in sulfite oxidase 
were found to be more sensitive to bisulfite 
toxicity than controls. The median lethal 
dose of NaHSOg in rats maintained on the 
low molybdenum diet plus tungsten for 
three weeks and five weeks were 271 and 
181 mg per kilogram, respectively. The 
median lethal dose for animals maintained 
on rat chow was 551 mg per kilogram and 
on the low molybdenum diet without tung- 
sten (control animals) was 475 mg per kilo- 
gram. In all groups, death was preceded by 
prostration and seizures, indicating that 
bisulfite was affecting the central nervous 
system. It had been suggested previously 
that the site of toxicity of bisulfite was the 
central nervous system.® These data indi- 
cated that the ability of the animals to sur- 
vive was dependent upon how rapidly they 
could metabolize bisulfite to sulfate. 

There was no difference in the survival 
rate of control animals and those deficient 
in sulfite oxidase when exposed to dif- 
ferent levels of SOg. At certain levels of 
SO 2 exposure, however, there was a dif- 
ference in survival times. At a high level 
(50,000 ppm) death occurred rapidly (less 
than 10 minutes) with no difference in sur- 
vival times between the two groups. The 
symptoms of toxicity at this level of ex- 
posure were indicative of an effect on the 
central nervous system as in the case of bi- 
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sulfite ion. At 925 ppm the animals de- 
ficient in sulfite oxidase exhibited a much 
shorter survival time than the control 
group. In addition, the symptoms ac- 
companying death were different. The 
animals deficient in sulfite oxidase again 
exhibited symptoms indicating primarily 
central nervous system toxicity while the 
control animals showed symptoms indi- 
cating largely respiratory difficulties. 
Again, the symptoms seen in the sulfite 
oxidase deficient group were similar to 
those exhibited by all groups following bi- 
sulfite intoxication. At 590 ppm of SO 2 
only symptoms of respiratory difficulties 
were seen in both groups. These data sug- 
gest that sulfite oxidase reduces the sys- 
temic toxicity of SOg but appears to play 
no significant role in reducing the subacute 
and chronic respiratory effects of this gas. 
An explanation for the difference in sur- 
vival times of sulfite oxidase deficient as 
compared to control animals exposed to 
SO 2 may be related to rate of oxidation of 
bisulfite ion formed from SO 2 in vivo. It is 
proposed that at high doses of SO 2 the bi- 
sulfite levels are too high and are attained 
too rapidly in both the control and sulfite- 
oxidase deficient groups for a protective 
effect of the enzyme against the central 
nervous system effects to be possible. At an 
intermediate exposure level (925 ppm) the 
bisulfite ion formed in controls is detoxi- 
fied so that respiratory symptoms of toxi- 
city predominate, while in the sulfite- 
oxidase deficient animals the central ner- 
vous system toxicity of the bisulfite ion is 
the principal cause of death. At lower levels 
of SO 2 (500 ppm) insufficient bisulfite ion 
is formed and both groups succumbed to 
the resipratory effects of the gas. 

The sulfite oxidase levels in human lung 
and liver are comparable to those in the 


corresponding organs in rats.^ Normal rats 
exhibit no symptoms of systemic poisoning 
from SO 2 at 1,000 ppm. Thus, at atmos- 
pheric concentrations which rarely exceed 
5 ppm, present SO 2 levels in urban environ- 
ments do not appear to pose any systemic 
hazard. Any noxious effects of SO 2 at this 
level will most probably result from ex- 
posure of the epithelial tissues in the lung 
to the gas. The enzyme sulfite oxidase does 
not appear to protect the animal to any 
significant degree against this effect of 
SO2. □ 
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EFFECTS OF ORAL AND PARENTERAL FEEDING ON 
PANCREATIC ENZYME CONTENTS 

The end products of carbohydrate and fat digestion, giucose, and free 
fatty acids, stimuiate increased quantities of amyiase and lipase in the 
homogenized pancreas. Amino acids given orally or intravenously do not 
increase protease concentrations nor does protein when given orally. 


Key Words: insulin, pancreas, enzymes, lipids, 
protease 

Total parenteral nutrition has increased in 
its usage as a reliable and useful method in 
the treatment of serious nutritional prob- 
lems in human beings. The absence of food 
circulating through the intestinal tract for 
long periods, however, has the possibility 
of producing complications such as gall- 
stones because of no stimuli for biliary 
secretion. Other effects on gastric, in- 
testinal, and pancreatic functions are 
presently unknown. The pancreas reacts to 
total parenteral nutrition in its endocrine 
function; the great inflow of glucose by the 
intravenous route stimulates increased 
insulin production. When total parenteral 
therapy is stopped suddenly, insulin con- 
tinues to be secreted at an increased rate 
and hypoglycemia can result. Recently, a 
study of the exocrine function of the 
pancreas has been made and the effects of 
oral and parenteral feedings on pancreatic 
enzymes were determined in the rat.^ The 
primary reason for the study was not in 
regard to total parenteral nutrition, but 
certainly such relationships can be made, 
keeping in light the fact that animal studies 
cannot always be directly related to human 


carbohydrate, lipid, and protein, are given 
via intravenous or oral routes. 

Three types of powder form diets were 
fed: a high fat diet which was either high 
lard or high oleic acid, a high casein or a 
high amino acid diet, and a high starch or 
high glucose diet. In the parenteral nutri- 
tion diets, glucose was the solution for the 
carbohydrate test, a soy bean emulsifica- 
tion preparation was given for the lipid 
parenteral nutrition, and an amino acid 
solution was given for the protein experi- 
ments. The pancreas was homogenized and 
the levels of different enzymes in the 
pancreas determined. 

The studies were not, unfortunately, 
clear in that both oral and parenteral feed- 
ings were given simultaneously. However, 
when glucose was given intravenously a 
high fat diet was allowed, when fat was 
given intravenously a high starch diet was 
fed, and when amino acids were given intra- 
venously a high starch diet was allowed. 
When rats were given parenteral nutrition, a 
reduction in oral intake was observed. 
Some rats stopped all oral intake and lost 
weight. Only those animals which did not 
lose weight during infusion were used for 
the study. 

When large amounts of carbohydrate 




h g; 



beings. Adaptation of the pancreas by regu- 
lating exocrine enzyme secretions in rela- 
tion to the products of digestion was deter- 
mined. If the pancreas detects the composi- 
tion of the diet through products of 
digestion coming through the blood, then 
there should be no difference in the levels 
of enzymes within the pancreatic tissue if 
the major components of the diet, such as 


were infused as glucose in the vein or fed as 
a high glucose or a high starch diet, the 
specific activity of amylase was three times 
greater than that of controls fed a high lard 
diet. Carbohydrates enhanced pancreatic 
amylase levels whether the route of ad- 
ministration was via oral or intravenous 
routes. It made no difference as to the 
degree of hydrolysis required before 
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glucose was absorbed. All animals demon- 
strated a drop of pancreatic lipase con- 
comitant with a reduction in fat intake. 
Proteolytic enzyme levels were not affected 
by the nutritional manipulations. 

When lipid was given intravenously or via 
the oral route, a rise in pancreatic lipase 
level occurred. A high oleic acid diet had 
the same effect on lipase as did the high 
lard diet. Thus, lipids, like carbohydrates, 
increased pancreatic lipase no matter what 
route they were given. It also made no 
difference as to the amount of hydrolysis 
of the fat which was required before 
absorption occurred. 

In the protein experiments, however, it 
was only via the oral route that there was a 
noticeable increase in trypsinogen, chymo- 
trypsinogen, and lipase in the pancreatic 
tissue. When amino acids were fed orally 
or given intravenously, there was no effect 
on these enzyme levels. Lipase decreased 
under these conditions. 

It was apparent, therefore, that the 

pancreas adapts to dietary changes not only 
depending on the substance undergoing 
digestion, but also in the case of carbo- 
hydrate and fat, to the end products of 
digestion. 


It was concluded that products of 
hydrolysis of carbohydrate and lipid, al- 
though not requiring pancreatic enzymes 
for absorption, are capable of inducing 
specific pancreatic enzymes. These end ^ 
products of digestion, therefore, must act ' 
after their passage into the blood. The 
studies of amino acids, however, were in 
sharp contrast to these data and indicate 
that the enzyme adaptation is different in 
the case of protein metabolism. Protein 
must be in the gut to induce increased 
quantities of proteases in the pancreas. 
These data indicate that it may be useful to 
feed protein occasionally to people on "r 
long-term total parenteral nutrition to 
maintain a given level of proteases within 
their pancreas. Lipid feedings have been 
advocated from time to time in such 
patients to maintain gallbladder contrac- j 
tions. The two might be easily combined to i 
prevent any problems with disuse atrophy 
which might occur over long periods of 
therapy. □ 

1. M. Lavau, R. Bazin, and J. Herzog: Compara- 
tive Effects of Oral and Parenteral Feeding on 
Pancreatic Enzymes in the Rat. J. Nutrition 
104: 1432-1437, 1974 
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Copper Metabolism in the Steely-Hair Syndrome 


Key Words: kinky-hair syndrome, steely-hair 
syndrome, copper metabolism, copper deficiency 

Menkes and co-workers^ described (in 
1962) children with developmental regres- 
sion, seizures, temperature instability, 
scorbutic-like bone changes, and a peculiar 
steel-like hair. Danks and his co-workers^ 
reported a defect in copper absorption. 

Lott et al.^ investigated the copper 
metabolism in an 11 -month-old male with 
this syndrome. Serum copper was 15 Mg per 
100 ml and serum ceruloplasmin undetect- 
able. Less than 1 percent of orally admin- 
istered ^^^Cu was absorbed. This patient 
was given supplemental copper as cupric 
sulfate in two divided doses totalling 0.52 
mg per kilogram per day. Within seven days 
of such supplemental oral copper, the 
serum copper rose three-fold (from 15 Mg 
per 100 ml) and remained at approximately 
75 percent of the normal concentration for 
the remaining 22 days of therapy. After the 
end of supplementation, the serum copper 
returned to baseline in about ten days. Al- 


though no oxidase activity could be found 
indicating ceruloplasmin, all samples did 
contain an immunoprecipitation band, al- 
though in a reduced amount. It is conclu- 
ded that the copper absorption block is 
only partial in the Steely-hair syndrome 
and is overcome by high doses of oral 
supplements. □ 


1. J. H. Menkes, M. Alter, G. K. Steigleder, D. R. 
Weakley, and J. H. Sung: A Sex-Linked Re- 
cessive Disorder with Retardation of Growth, 
Peculiar Hair, and Focal Cerebral and Cere- 
bellar Degeneration. Pediatrics 29: 764-779, 
1962 

2. D. M. Danks, P. E. Campbell, B. H. Stevens, 
V. Mayne, and E. Cartwright: Menkes Kinky 
Hair Syndrome— An Inherited Defect in 
Copper Absorption with Widespread Effects. 
Pediatrics 50: 188-201, 1972 

3. I. T, Lott, R. DiPaolo, D. Schwartz, S. Janow- 
ski, and J. N. Kanfer: Copper Metabolism in 
the Steely-Hair Syndrome. New Engi. J. Med. 
292: 197-199, 1975 


Alpha-1 -Antitrypsin Deficiency— Liver Disease 


Key Words: cirrhosis, sialic acid, cell transport, 
alpha-1 -antitrypsin, antitrypsin sialyltransferase 

Eriksson and Larrson^ purified the PAS- 
positive inclusion bodies from cases of cir- 
rhosis associated with homozygous alpha- 
1-antitrypsin deficiency. The main com- 
ponent was a protein of the same molecular 
size as the serum aipha-1 -antitrypsin and 
has immunological similarity. Chemical 
analysis of this liver material showed a 


complete absence of sialic acid, as a major 
difference with the normal serum protein. 

It is now established that deficiency of 
serum alpha-1 -antitrypsin is associated with 
some cases of chronic obstructive pul- 
monary disease and some cases of fatal cir- 
rhosis in the perinatal or juvenile period. 
More recently, hepatocellular carcinoma 
has been associated with a partial defici- 
ency.^ Although the pulmonary damage is 
postulated to represent the uninhibited 
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proteases of bacterial and leukocytic origin 
in the lung, the liver damage is believed in 
some way related to the accumulation of 
the PAS-positive material in the liver cells. 
The present authors indicate that the PAS- 
positive material is immunologically similar 
to serum alpha- Tantitrypsin, but is dif- 
ferent in lacking a terminal sialic acid 
moiety found in the serum protein. This 
suggests that there is an inability to add 
sialic acid to the precursor. 

Kuhlenschmidt^ suggested that this 
inability to add sialic acid is due to a de- 
ficiency of a sialyltransferase. They studied 
one patient with antitrypsin deficiency and 
juvenile cirrhosis and demonstrated that 
the PAS-positive material obtained by liver 
biopsy did not stain for sialic acid; further- 
more they found decreased serum sialyl- 
transferase activity in the patient. 

Together these observations suggest that 
there is a deficiency of sialyltransferase and 


the accumulation of the unsialyated ma- 
terial in the liver indicates that this is a 
defect in cellular export. The accumulation 
in some manner is responsible for the liver 
disease. □ 


1. S. Eriksson and C. Larrson: Purification and 
Partial Characterization of PAS-Positive In- 
clusion Bodies from the Liver in Alpha^^- 
Antitrypsin Deficiency. New Engl. J. Med. 
292: 176-180, 1975 

2. W. Rawlings, J. Moss, H. S. Cooper, and S. R. 
Hamilton: Hepatocellular Carcinoma and 
Partial Deficiency of Alpha-1-Antitrypsin 
(MZ). Ann. Int. Med. 81: 771-773, 1974 

3. M. S. Kuhlenschmidt, E. J. Yunis, R. M. 
lammarino, S. J. Turco, S. P. Peters, and R. H. 
Glew: Demonstration of Sialyltransferase De- 
ficiency in the Serum of a Patient with 
Alpha-1 -Antitrypsin Deficiency and Hepatic 
Cirrhosis. Lab. Invest. 31: 413-419, 1974 


Recent Publication 


National Center for Health Statistics. 
Hematocrit Values of Youths 12 to 17 
Years, United States. VITAL AND 
HEALTH STATISTICS, Series 11, No. 
146, DHEW Publication No. (HRA) 
75-1628, Pp. 40. Health Resources Admini- 
stration, DHEW, Rockville, Maryland 
20852. 

This report from the National Center for 
Health Statistics presents the first of the 
findings from the sample of blood drawn 
from each of 6,768 youths examined 
during Cycle 111 of the Health Examination 
Survey. 

Blood hematocrit values (the volume 
occupied by the red blood cells contained 
in 100 ml of blood) were obtained from 
venous blood samples. These samples were 
taken from each examinee during the 
course of the three and one-half hour ex- 
amination administered by the Health 
Examination Survey to a probability 
sample of the country's civilian, noninsti- 
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tutionalized population aged 12 to 17 
years. Determination of the blood hema- 
tocrit values was made by the micro- 
method. 

The hematocrit value is determined by 
centrifuging a standard amount of whole 
blood (100 ml) at 12,500 r.p.m. for five 
minutes. The hematocrit value gives infor- 
mation on the hematological status of a 
subject, and it is currently the simplest and 
single most accurate measurement of 
anemia or polycythemia available to the 
health profession. 

In male youths, mean hematocrit levels 
increased consistently with age from a low 
of 40.5 ml percent in 12-year-olds to a 
high of 45.8 ml percent in 17-year-olds. No 
such increase with age was seen in females. 
The increase with age in mean hematocrit 
found for male youths in the United States 
was also found for Negro and white males 
separately. White female youths showed no 
increase with age, and at each age, Negro 


females had lower mean hematocrit levels 
than white females. 

A small increase in mean hematocrit oc- 
curred with increase in annual family in- 
come for both male and female youths. An 
increase in mean hematocrit was also found 
with an increase in the education of the 
parent. These two findings held for white 
youths, when examined separately, but did 
not hold for Negro youths. 

Variables that influence hematocrit 
values and relevant studies in the literature 
are discussed. 

Twenty tables present detailed statistics 
on percentiles, means, standard deviations, 
and standard errors of the mean for hema- 
tocrit by age, race, sex, geographic region, 
annual family income, and education of 
parent. Three appendixes present statistical 
notes, demographic variables, and tech- 
niques of measurement and quality control. 

Single copies of this publication are 
available free of charge from NCHS, Room 
8-20, 5600 Fishers Lane, Rockville, Mary- 
land 20852, Attn: M. Flaer. Multiple copies 
may be purchased for $1.00 each (prepaid) 
from the Superintendent of Documents, 
U.S. Government Printing Office, Wash- 
ington, D.C. 20402. □ 


Letter to the Editor 

Milk Composition Questioned 

Sir: With great interest I read the article on 
lactation and composition of milk in under- 
nourished women (Nutrition Reviews 
33:42-43, 1975). 

I did wonder, however, why the ref- 
erences were restricted to the protein, fat, 
and lactose contents. 

In contradiction with these nutrients, 
the levels of vitamins in human milk is 
often very low when the mothers consume 
vitamin-poor diets. 

For vitamin A this was already shown as 
early as 1938 by Dutch workers in Java.^ 

It was claimed that "the mothers make 
their children blind with their milk." 

Trusting this information will be of some 
use to you. 

Dr. R. Luyken, Professor 
Centra! institute for Nutrition 
and Food Research 
Utrechtseweg 48, Zeist 
Netherlands 

1. J. H. de Haas and 0. Meulemans, Tijdschr. 

Nederl. Indie 78: 847-855, 1938 
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Covers all aspects of protein-calorie 
malnutrition (PCM), from molecu- 
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prevention. 
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by Kelly M. West, M.D. 


D iabetes mellitus is a disorder charac- 
terized by hyperglycemia, a relative or 
absolute deficiency of insulin, and by 
certain characteristic symptoms and patho- 
logic manifestations. Classical symptoms 
; include polyuria, polydipsia, and weight 
loss, but these occur only with moderate or 
: marked elevations of the blood glucose.' 

They are entirely reversible with treatment. 
A substantial percentage of untreated 
I diabetics have mild hyperglycemia without 
these classic symptoms. Both mild and 
severe diabetics are, however, prone to 
develop morbid changes in small and large 
arteries and in nerves. Complete failure of 
I beta-cell function if untreated or inad- 

i equately treated, leads to profound 

! hyperglycemia, ketonemia, acidosis, nega- 

' tive nitrogen balance, dehydration, and 

other severe aberrations in the intermediary 
metabolism of carbohydrates, lipids, pro- 
^ teins, and electrolytes. Untreated severe 

K diabetes eventually leads to coma and 

death. Although important nutritional 
deficiencies, such as muscle wasting and 
growth failure, occur occasionally in un- 
discovered or inadequately treated cases of 
severe diabetes, the availability of insulin 
therapy has made these uncommon. Today 
the main challenge is the prevention, miti- 


Dr. West is Professor of Medicine at the Depart- 
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Sciences Center, 800 N.E. 13th Street, Oklahoma 
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gation, or postponement of the vascular 
and neurologic manifestations. These in- 
clude retinopathy and glomerulosclerosis, 
increased rates of coronary atherosclerosis, 
and gangrene secondary to arterial insuf- 
ficiency and impaired sensation in the legs. 

Many different factors can produce 
diabetes or increase risk of the disease; the 
most important of these are obesity and 
genetic factors. Diabetes may also be 
caused or precipitated by any agent that 
directly impairs beta-cell function or 
destroys beta cells (e.g., pancreatitis) or by 
factors that increase peripheral resistance 
to insulin (e.g., acromegaly or obesity). 
Adult-onset diabetes is much more fre- 
quent than youth-onset diabetes. About 
three-fourths of adult-onset cases are obese. 
Only a very small percent of youth-onset 
cases are obese. Typically, youth-onset 
diabetes is severe (little or no endogenous 
insulin); while adult-onset diabetes is 
usually mild or moderate in severity be- 
cause beta-cell failure is only partial. 

This essay will summarize present 
knowledge concerning three related aspects 
of nutrition and diabetes. Discussion will 
include the effects of nutritional factors on 
the risk of diabetes, the effect of diet on 
the manifestations of diabetes, and the role 
of diet in the treatment of this disorder 
including some of the specific dietary 
objectives and strategies in the various 
types of diabetes. 

Nutrition and Etiology 

It has long been suspected that nutri- 
tional factors affect the risk of diabetes. 
More recent investigations elucidate further 
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the nature and strength of these relation- 
ships. Changing dietary patterns in Japan/ 
Israel/ and Africa^ have been associated 
with a profound increase in the rates of 
diabetes. Studies by the author with 
Kalbfieisch and other collaborators in 13 
societies of 1 1 countries indicated a strong 
relationship of diabetes prevalence and 
nutritional factors."^'® A recent review of 
available data on past and present rates of 
diabetes in aboriginal populations of the 
New World (Indians, Eskimos, Polynesians, 
and IVlicronesians) also suggested a strong 
relationship of diet and a risk of diabetes.^ 
Marked differences in nutritional factors 
and exercise levels in these populations 
probably account for differences in rates of 
diabetes as great as ten-fold.^ 

The factor most strongly and con- 
sistently associated with prevalence of 
adult-onset diabetes is the degree and. the 
duration of adiposity. Arguments have also 
been advanced that dietary sugar^’® and 
fat® are especially diabetogenic. In this 
essay, the term "sugar" refers to all mono- 
and disaccharides but a substantial majority 
of dietary sugar is usually sucrose in those 
societies in which sugars furnish as much as 
10 percent of the total calories. Increased 
rates of diabetes have frequently been ob- 
served in populations where sugar intake 
has increased.^ It has been difficult, 
however, to determine whether this is a 
direct relationship of cause and effect.® 

This is because these dietary changes are 
usually temporally related to other factors 
such as decreasing exercise, increases in 
total calories, and fat intake, etc. Moreover, 
no relationship could be found between the 
risk of diabetes and the previous sugar con- 
sumption when small groups of those with 
and without diabetes were studied in each 
of four different populations.^ In con- 
trast, most intrapopulation studies showed 
that adiposity is a strong risk factor.® 
Cleave,® with support from Cohen® and 
others, argued eloquently that a main pre- 
cipitating factor in diabetes is the con- 
sumption of refined carbohydrates (both 
sucrose and other "refined" carbohy- 
drates). Keen®® thought that present evi- 

1 94 NUTRITION REVIEWS/VOL. 33, NO. 7 / JULY 1 975 

\ 


dence was not conclusive in this respect. 
Although we have found among popula- 
tions a generally positive association 
between rates of diabetes and consumption 
of both sugar and fat, we have also accumu- 
lated some epidemiologic evidence that is 
inconsistent with the hypothesis that sugar 
and fat are important risk factors apart 
from their effects or possible effects on 
levels of caloric consumption."® Hims- 
worth reviewed evidence that dietary 
carbohydrate protects against diabetes.® In 
general, rates of diabetes are low where 
starch consumption is high.® Trowell re- 
cently summarized evidence suggesting 
that, under certain conditions, the removal 
of fiber from flour and other foods may 
enhance the risk of diabetes.® ® 

The relative importance of sugar in 
determining the risk of obesity is also not 
well established.®’®"® This may vary de- 
pending on what foods are available as re- 
placements when sugar intake is inten- 
tionally limited or unavailable. Since 
refined sucrose is a concentrated and an 
attractive source of calories, it is widely 
suspected that its consumption would tend 
to increase the risk of obesity. High rates of 
obesity have also been observed occasion- 
ally in populations in which sugar con- 
sumption is low,®’®"® and in one society, 
fat people probably ate less sugar than lean 
persons.®® High rates of diabetes have not 
been reported in any society in which 
obesity is rare. Investigations in the labora- 
tory give considerable support to obesity as 
a risk factor. For example, obesity is asso- 
ciated with resistance to endogenous in- 
sulin. 

Cohen produced mild diabetes without 
producing obesity in one group of rats by 
feeding high sucrose diets.® These diets, 
however, were much higher in sucrose (72 
percent of calories) than those consumed 
by any human population. Moreover, 
obesity and diabetes have also been 
induced repeatedly in animals by increasing 
the dietary fat. Under these conditions, the 
percent of calories as starch or as sugar 
were often reduced. In one experiment 
diabetes was induced by a diet high in 


protein.^ ^ Experiments of this kind are 
often difficult to interpret because two or 
more variables are usually changed. For 
example, if fat is increased, it is usually also 
necessary to decrease carbohydrate or 
increase calories. In hamsters that were 
prone to diabetes, Gerritsen and Dulin 
reduced rates of diabetes dramatically by 
reducing food intake.^® This was a quanti- 
tative and not a qualitative change in diet. 
A__review of_ all available laboratory and 
e^iderhiologic evidence^ suggests ^at the 
mosFi nTpoftanT d ietary fact or in incria ii ng 
t he r isk ~drTiTabetes~fs'^ta[ calorie intake 
irrespectiW of soil rceT This stirn^S*open 
the question~df'T;h'e "relative importance of 
specific nutrients such as fat and sugar in 
inducing excessive caloric consumption. 
Previously it was commonly believed that 
ingestion of refined carbohydrates might 
"overstrain" the beta cells. Recent physio- 
logic evidence generally tends to diminish 
this possibility. For example, it has been 
found that the ingestion of mixed meals 
containing carbohydrate, fat, and protein 
stimulate beta-cell function much more 
strongly than carbohydrate alone. 

Severe malnutrition in childhood (as in 
India and Africa) is sometimes associated 
with an increased risk of pancreatic calcifi- 
cation and diabetes later in life. Excessive 
iron consumption may lead to diabetes, 
secondary to hemochromatosis. Under 
certain conditions impaired glucose toler- 
ance has been observed with deficiencies of 
zinc and of chromium, but it is not yet 
certain whether these deficiencies are sig- 
nificant risk factors for clinical diabetes. 

Complications of Diabetes 

Among populations of diabetics there 
are sometimes substantial differences in the 
frequency of certain complications. In 
Japan, for example, coronary disease and 
gangrene are much less common manifesta- 
tions of diabetes than in the United States. 
It seems quite probable that the compara- 
tively low rates of atherosclerosis seen in 
the diabetics in many societies of Asia, 
Africa, and Latin America are attributable 
to their diets which are lower in cholesterol 


and saturated fat (both before and after 
discovery of diabetes). Caloric intake is also 
low in relation to energy expenditure in 
most of these populations. Geographic and 
ethnic differences among populations in 
rates of small-vessel disease (glomerulo- 
sclerosis and retinopathy) are considerably 
less. There are, however, a few societies in 
which microvascular disease seems to be 
less frequent in diabetics (e.g., Navajo 
Indians and Nigerians).^ Nutritional 
factors may or may not contribute to these 
differences. Although present data are not 
very satisfactory it appears that there are 
differences among societies in rates of juve- 
nile diabetes.^ It is possible that nutritional 
factors are influential in this respect. In 
Japan, for instance, marked changes in the 
national diet during recent years have been 
associated with substantial increases in 
rates of juvenile diabetes.^ ° Rates of 
ketosis appear to vary among populations 
of diabetics, but it is not yet clear whether 
dietary factors play a role in these varia- 
tions.^ 

Diet Therapy 

In recent years considerable progress has 
been made in understanding the potentiali- 
ties and priorities of diet therapy in the 
various types of diabetes. It is now clear 
that in several respects, dietary objectives 
and strategies should be quite different in 
the two main types of diabetes. In 
maturity-onset obese diabetics, reduction 
of adiposity by restricting calories or in- 
creasing exercise, or both, reduces hyper- 
glycemia. Even more fundamental and 
more important, these measures also reduce 
the insulin resistance that attends obesity. 
This mitigates the "overstrain" of the beta 
cells and usually leads to considerable im- 
provement of beta-cell function. Thus, in 
this group, diet not only helps to control 
diabetes, it reduces the severity of the 
disease. Return of glucose tolerance to en- 
tirely normal levels is uncommon only 
because of the rarity with which weight is 
restored to optimum levels and maintained 
at such levels. However, even partial mitiga- 
tion of adiposity is helpful. Although most 
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experts still advise restriction or complete 
proscription of refined sugars, it is now the 
consensus that limitation of calories is. 
usually the prime goal of therapy in this 
type of obese diabetic. In order to establish 
new eating habits and patterns it may also 
be desirable to encourage a certain degree 
of consistency in the quantity, characteris- 
tics, and timing of the feedings in obese 
diabetics. These latter strategies, however, 
are not of urgent priority in this type of 
diabetes. For example, a high degree of 
consistency is not required from day to day 
in amounts of dietary starch, in total 
calories, or in the timing of feedings, as 
long as long-term caloric intake remains 
low enough to permit control of adiposity. 
Between-meal snacks and bedtime feedings 
are usually not necessary or desirable in 
obese diabetics. 

On the other hand, lean patients with no 
endogenous insulin require approaches that 
are quite different in several respects. 
Calories should not be restricted below 
normal levels. It is usually desirable to 
provide smaller meals and one to three 
between-meal snacks in order to distribute 
food consumption to match roughly the 
time-action pattern of administered insulin. 
This mitigates postprandial surges of hyper- 
glycemia and protects against hypo- 
glycemia. In contrast to the typical situa- 
tion in obese diabetics, no endogenous 
insulin is available in response to meals. In 
these lean, insulin-dependent patients it is 
usually desirable to provide for a considera- 
ble degree of consistency and predictability 
of the distribution, amounts, and character- 
istics of the feedings. In contrast to the 
therapy of obese diabetics, these patients 
also need considerable Instruction on how 
to adjust the diet to contend with vagaries 
that may include unavoidable delay of 
meals, unusual exercise, complicating 
ninesses, management and prevention of 
/liypoglycemic episodes, etc. 

.In both of the major types of diabete s 
t here is decreasing emphasis on the priority 
of carbohydrate restrictio n.^^ There are 
two reasons tor this, hirst, it is now clear 
that insulin requirement is, in the long run, 
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more related to total fuel su pply than to 
the amount of di etary carboFjV dt^tent^h^ 
WTfh excellent help from other'elemiritrof 
the body economy, the liver can make la* 
glucose readily out of a variety of sources. ^ 
It is now evident that diets generous in 
starch are very well to l^ated b^r^BofFi 
Virtsu I in-dependent and frt^lin-independe'nt i 
di abeticsT provided that fevel s~~of~calorie 
consumptio n are appropriate. BotFTplasma- 
glucose and lipid levels usiJally respond I 
quite favorably to such regimens. Even ! 

diabetics with Type IV hyperlipopro- i 

teinemia do well on liberal starch diets 
when levels of dietary sugar and calories are 
appropriately controlled. 

Second, if lev els of carbohydrate are i 
sharply restricted7~iT~is~Bif frcult~To~con- — 
struct diets that are noTlTig]T~Trr ~faT~and 
cholester ol. In the Umted States traBitiFnal 
diabetic diets of the past contained about 
42 percent of calories as fat and generous 
amounts of cholesterol; while in Asian 
diabetics fat provided typically only about 
15 percent of calories and levels of dietary 
cholesterol have been quite low. North 
American and Western European rates of 
coronary disease are exceedingly high in 
diabetics and coronary disease accounts for 
a majority of the deaths. I n contrast , i 
coronary atherosclerosis is far less common 
in the diaF^ics w ho consumed high starcFiT"' 
l o^fatnov^Pi^est^^^^ diets . ThesF~corF' 
siderations have now led most Western ^ 
diabetologists to prescribe diabetic diets 
th at are lower in saturated fat and chole s- 
terol than the previous traditional reg i- 
mens . The calories derived from saturated 
fat can then be replaced if necessary by 
calories from three other sources; starch, 
vegetable fat, and protein. A typical 
"modernized" diabetic dleTtor a person in 
a Western society has the following charac- 
teristics: It contains a numbe r of calories , 
adequate to reach or mamtaTiT~gp tiTntim 
weight. Refined sugars are proscriBed'-or 
sharply limited, but about T0~to~1'5~peTcgnt 
of calories consist of sugars from natural 
sources such as fruiT~vegeta&les7^^Tnilk 7~ 

Fat is limit ed to about 25 to 35 percent of 
calories. Usually it is possibl¥to~reduce Fni=- 


/ 





fat a nd cholester ol considerably with- 
"oiTrifiaking the regiTTTerr unattTactive~~or-- 
unfeasible. Saturated fat makes up only 
about 10 to 15 percent of calories in such a 
regimen (about half as much as the typical 
American diet), while vegetable fat (mono- 
and polyunsaturates) supplies about 15 to 
20 percent of calories. In most adult 
patients, levels of protein are not critical 
and may range from as low as 12 percent of 
calories to as high as 24 percent depending 
on food preferences, food budgets, and 
other factors. Children, and women who 
are pregnant or lactating, require at least 
1.5 g per kilogram. The remainder of 
calories, usually 30 to 40 percent, are de- 
rived from complex carbohydrates (mainly 
starches). 

The most difficult aspects of the imple- 
i mentation of these "modernized diabetic 
diets” h as been persuading dietitians. 

;:J ^''liysicians, and patients ' that l iberal 
a mounts of starch are not bad for diabe tesT 
In many i nstances these r egimens~3o~ re- 
quire the p atLeD£j:Q_e at even more~starcli 
than his fa mily or fri ends. A review of the 
considerations discussed~~a6dw,' however, 
usually leads to an understanding and ac- 
ceptance of this approach. A considerable 
body of recent evidence also supports the 
strategy of encouraging the ingestion of 
starches high in fiber.^’^® 

Other recent publications have discussed 
the problems responsible for low rates of 
adherence to dietary prescriptions;^^ • 
methods for formulating diet prescrip- 
tions;^ the mechanics of developing 
and implementing prescriptions;^®'^® the 
importance and methods of educating the 
patient;®®'®"^ and the limited role of 
special foods such as artificial sweeteners, 
low-calorie and low-carbohydrate "diet" 
drinks and food products, fructose, sorbi- 
tol, alcohol, etc.®"^ The texts edited by 
Marble et al. (Joslin's book)®® and by 
Sussman and Metz®^ are good sources of 
information on diabetes. There is con- 
siderable evidence that only a minority of 
diabetics receive and follow on a long-term 
basis appropriate diet prescriptions.®® It is 
also clear that diet therapy is feasible and 
effective.®®’®®'®® □ 
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The authors postulate that cellular resistance to insulin may be the 
primary cause of endogenous hypertriglyceridemia. The correlations observed 
between glucose tolerance, insulin response, triglyceride production and 
plasma triglycerides seem to bear out this hypothesis. 


Key Words: hypertriglyceridemia, VLDL- 
triglyceride, insulin resistance 

Ever since the emergence of atherosclerosis 
and diabetes mellitus as major health 
problems, their association with altered 
carbohydrate and lipid metabolism has 
become clearly established. Much con- 
troversy, however, surrounds the pattern 
which these alterations follow.^ Whether 
the hyperinsulinemia observed in many 
patients with endogenous hypertri- 
glyceridemia is a cause or a consequence 
has remained a debatable question.^ 

Olefsky and his co-workers^ postulate 
that central to the development of hyper- 
triglyceridemia is the cellular resistance to 
insulin. This leads to a compensatory in- 
crease in plasma insulin levels which in turn 
acts on the liver to increase triglyceride 
synthesis. Consequently triglyceride con- 
centration in the blood rises. 

The above hypothesis was tested by 
these workers through a series of neatly 
planned experiments, carried out on 34 
nonobese subjects having endogenous 
triglyceridemia or chemical diabetes. The 
subjects were placed on a liquid formula 
diet providing 42 percent fat and 43 per- 
cent carbohydrate. They were given the 
diet in four equal meals at three hour inter- 
vals, beginning at 8 AM. 

Glucose and insulin response to the 
formula was tested hourly over a three- 
hour period, immediately following the 11 
AM feeding. The results were expressed as 
the integrated area under the response 
curve. This was considered to represent the 
day long response of insulin and glucose to 


food. Responses were also measured during 
a three hour glucose tolerance test, per- 
formed after the oral administration of 40 
g of glucose per m^. 

Cellular insulin resistance was assessed 
by an ingenious technique. The release of 
endogenous insulin was suppressed by an 
intravenous infusion of epinephrine and 
propranolol and insulin and glucose were 
simultaneously infused. Under these cir- 
cumstances, when a steady-state condition 
is reached, the blood glucose level is con- 
sidered to be a measure of the response of 
the tissues to the steady-state insulin level. 
A high degree of correlation was observed 
between the integrated insulin response to 
the formula and the steady-state glucose 
concentration and between the former and 
plasma triglyceride levels. These observa- 
tions were interpreted as indicating a de- 
creased glucose tolerance with an increase 
in insulin levels and a concomitant increase 
in plasma triglyceride levels. 

The VLDL-triglyceride production rate 
was studied by endogenous labeling with 
^H-glycerol and studying the time-curve 
over the next 12 hours. From the values 
obtained for plasma VLDL-triglycerides 
and for plasma volume, the turnover rate of 
this lipoprotein fraction was calculated. 
The experiment being done under steady- 
state conditions, the turnover rate is ex- 
pected to equal the production rate. This 
parameter was also found to correlate 
highly with the insulin response as well as 
with the plasma triglyceride concentration. 
The latter implied that the increased 
hepatic triglyceride synthesis may lead to 
the increase in plasma triglycerides. 
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The observations made in the study have 
been interpreted as indicating that a 
primary cellular resistance to insulin 
underlies the development of endogenous 
trigi yceri demia. This interpretation is 
based solely on the correlations obtained 
between the various parameters. Correla- 
tions, however, do not necessarily imply a 
causal relationship; nor should the corrob- 
oration of a hypothesis be considered as 
proving its veracity. The interesting con- 
cepts presented by the authors, however, 
provide a basis for further study of the 
pathogenesis of hyperlipemias. Lately, it 
has been postulated that decreased levels of 
glucagon may be responsible for the de- 
velopment of endogenous triglyceridemia.'^ 
It had been suggested earlier that the 
effective ratio of insulin to glucagon may 
be important in the pathogenesis of 
diabetes mellitus.^ A similar bihormonal 


control may also regulate lipid metabo- 
lism. □ 
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HISTIDINE: AN ESSENTIAL AMINO ACID FOR 
NORMAL ADULTS 

ingestion of a histidine-deficient diet was accompanied by a decreased N 
balance, the development of anemia and a marked decrease in serum and 
muscle histidine content. These were all alleviated by the 
addition of histidine to the diet. 


Key Words: histidine, N balance, anemia, humans 

Although histidine has been firmly estab- 
lished as a dietary essential amino acid for 
growing animals of several species, its 
necessity in the diet of normal adults has 
not been clearly identified.^ Based on 
recent reports that histidine is essential in 
the diet of chronically uremic patients, 
Kopple and Swenseid re-investigated this 
problem. They compared the metabolic 
response to deletion of histidine from the 
diet of normal and of chronically uremic 
adult males.^ 

The subjects were four adult men with 
no evidence of renal disease and three men 
with advanced chronic renal failure. They 
lived in a metabolic unit and were fed first 
for several weeks a diet of ordinary foods 
containing 40 g protein, most of it from 


eggs or beef. For the next 35 ± 2 days, they 
received a purified diet in which about 92 
percent of the N was supplied as L-amino 
acids in the proportions present in egg 
except that only 60 mg histidine were pro- 
vided daily. In the final period of 31 ± 5 
days a diet isonitrogenous to that in period 
two was provided, containing 1210 mg 
histidine. During this final period one 
uremic subject received 590 mg histidine 
for four days, left the ward for three days 
and then received the original ordinary diet 
for 1 1 days. In the amino acid diets energy 
was mainly supplied by wheat-starch bread 
and vegetable fat. Supplemental vitamins 
and minerals were provided although the 
magnesium intake was only 50 percent of 
the recommended allowance. 

Nitrogen balances were conducted 
throughout the study in consecutive 
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periods, usually of five days duration, using 
well-established techniques. Balances were 
adjusted for changes in body urea content 
but not for losses from skin, respiration or 
blood sampling. Fasting blood samples 
were drawn several times weekly. At the 
end of each period a biopsy sample of 
gastrocnemius muscle was also taken. 

The initial N balances were generally 
negative, perhaps reflecting a larger N in- 
take prior to the study but by the end of 
the first period the balances were even or 
positive in six of the seven subjects. The 
change to a histidine-deficient diet tended 
to reduce the N balance and by the end of 
this period balances were negative in all 
subjects. Addition of histidine in period 
three produced positive balances in five of 
the six subjects who completed this period 
successfully. Data obtained during the last 
seven to 12 days on each diet averaged 
+ 0.65 ± .59 (SD), -.48 ± .44 and + .70 ± 
1.2 g per day for the natural, histidine- 
deficient and histidine-supplemented diets. 
The differences between period two and 
either period one or three were highly 
significant statistically. Serum albumin and 
body weights did not change remarkably 
during the course of the study. 

Within 23 hours of initiation of the 
histidine-deficient period plasma histidine 
fell by 52 percent. By the end of this 
period it was only 17 percent of the con- 
trol values. Recovery of plasma histidine 
was slower and more erratic during the 
repletion period; at the end of this period 
five of the seven subjects had regained their 
normal levels. Muscle histidine levels 
behaved in a similar fashion although the 
decrease at the end of depletion was only 
to 38 percent of normal. The hematocrits 
were lower in uremic than in normal 
subjects but in all subjects the values were 
decreased by 25 percent during the deple- 
tion period. Repletion caused an increase 
after a lag period of two to ten days. In five 
subjects their hematocrits were still rising 
at the end of the repletion period, although 
normal values were not restored. Reti- 
culocyte counts were not different in 
periods one and two but increased during 
repletion from values of 1.8 percent to 5.2 


percent. Serum iron values rose from about 
85 to 148^9 per 100 ml during the histidine- 
depletion period. They fell during repletion 
to 57 jug within 48 hours, a level which was 
maintained to the end of the experiment. 
These differences were highly significant. 
Iron-binding capacity of the serum 
decreased 17 percent during period one, 
did not change further during depletion but 
rose again to control values during re- 
pletion. 

Clinical symptoms developed gradually 
during depletion and included a sense of 
fatigue and a lack of energy. Poor appetite 
and nausea were frequent. Irritability, 
hostility, anxiety and confusion were also 
noted. Five subjects developed a dry, scaly 
dermatitis. Upon starting the repletion diet 
these symptoms disappeared but only 
gradually. Despite the improvement in all 
symptoms, complete recovery was not 
reported until the subjects returned to a 
normal diet. 

These findings of negative N balance, 
markedly decreased serum and muscle histi- 
dine, anemia and clinical symptoms and 
their reversal by adding only histidine to 
the diet suggest that histidine is an essential 
amino acid for both normal and chronically 
uremic adults. The difference between 
these findings and those of other investi- 
gators^ may be ascribed to the use in this 
experiment of a longer depletion period 
and a lower histidine intake during deple- 
tion. 

The slow development of negative N 
balance during depletion could have been a 
reflection of utilization of the 60 mg of 
histidine present in the depletion diet. It 
could have also reflected a re-utilization of 
histidine released from catabolism of 
histidine-rich proteins such as hemoglobin 
or the histidine derivative, carnosine. 

Of the clinical symptoms described, the 
skin lesions and severe anemia are peculiar 
to histidine deficiency. They point to the 
desirability of further quantitating the 
histidine requirement and to study of the 
mechanisms leading to these abnormalities. 
The possible importance of histidine in other 
anemias may also be worthy of considera- 
tion. □ 
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THE SECRETION OF BILE 

A sensitive radioimmunoassay for conjugated bile salts has been used to study 
their enterohepatic circulation in health and disease. The subcellular site 
of action of taurocholate on biliary lipid synthesis and 
secretion has been clarified. 


Key Words: enterohepatic circulation, bile acids, 
biliary lipid, cholecystectomy, ileal resection 

Bile salts, of which the most important 
examples are the salts of glycocholic and 
taurocholic acid, undergo an enterohepatic 
circulation. This involves being synthesized 
from cholesterol in the liver, then secreted 
via the bile canaliculi and stored in the gall 
bladder from which phasic ejection takes 
place into the small bowel in response to 
meals. The salts, beside facilitating the 
absorption of dietary lipid, enhance the 
further synthesis and secretion of bile by 
an action on the hepatocyte. The bile salts 
are absorbed in the small intestine and ex- 
tracted from the portal circulation by the 
liver. When the hepatic influx of bile salts is 
reduced there is an associated decrease in 
the secretion of biliary lipids which is more 
pronounced for phospholipids than 
cholesterol. This results in a bile with a 
relatively high cholesterol concentration 
which may be conducive to the formation 
of gallstones.^ Increasing the hepatic up- 
take of bile salts by their oral administra- 
tion for example, leads conversely to in- 
creased bile production in which the con- 
centration of cholesterol is reduced relative 
to that of bile salts.^ It is apparent that the 
circulation of bile salts is of great im- 
portance, intrinsically and because of the 
effects it has upon the synthesis and secre- 
tion of biliary lipid. Two pieces of recent 
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work made significant contributions to our 
understanding of these processes. 

Using a sensitive radioimmunoassay 
which recognizes conjugates of cholic acid 
(CCA),^ LaRusso and his colleagues 
studied changes in serum CCA occurring 
during a 24-hour period in normal volun- 
teers and patients who had undergone 
cholecystectomy or ileal resection.'^ Each 
subject had an indwelling venous cannula 
and was allowed to move about the 
metabolic unit during the study period. 
During this time three identical liquid 
meals were given at 0800, 1230 and 1730 
hours. The meal provided 30 kcal per kilo- 
gram of body weight and was 40 percent 
protein, 40 percent carbohydrate and 20 
percent fat. Blood samples were taken 
every 15 to 30 minutes during the day and 
at one to two hour intervals throughout the 
night. 

In eight normal volunteers serum CCA 
levels rose to a peak 90 to 120 minutes 
after each test meal and returned to pre- 
prandial levels within four hours. The rise 
in CCA concentration was three- to ten- 
fold and did not change significantly 
between meals. The causal relationship 
between ingestion of food and changes in 
serum CCA was confirmed by having four 
of the subjects take only breakfast on 
another day. After the characteristic rise 
and fall of CCA, the levels remained low 


for the remainder of the 24-hour study 
period. In five patients who had had a 
cholecystectomy for cholelithiasis there 
was a rise in serum CCA to a maximum 75 
to 105 minutes after the first meal fol- 
lowed by a failure to return to basal levels. 
The mean (± S.E.) degree of rise was 
smaller than in the normal volunteers being 
from 0.33 ± 0.05 to 0.79 ± 0.07 jumoles per 
liter compared with 0.42 ± 0.07 to 1.58 ± 
0.17 Mnnoles per liter. When the integrated 
area under the 24 hour curve, taken as a 
reflection of the total CCA secreted, was 
compared no significant difference was 
noted. Six patients who had had ileal resec- 
tion for regional ileitis or in one case 
endometriosis, were also studied. They 
showed a small rise from 0.20 ± 0.01 to 
0.50 ± 0.06 Mmoles per liter after the 
first meal, a smaller rise after the midday 
meal and no CCA response to the third 
meal. The integrated area under their 24 
hour CCA curve was one-third that of the 
normal and cholecystectomy subjects. The 
patterns of CCA curves in individuals were 
not related to the amount of ileum resected 
or the degree of steatorrhea. 

Peripheral serum bile acid concentration 
must reflect the net balance between 
hepatic output and uptake. The detection 
of measurable levels during fasting indicates 
continuing bile salt secretion into the in- 
testine. The postprandial rise, which also 
occurs after ingestion of solid meals, is a 
measure of increased biliary secretion and 
gall bladder contraction. In normal indi- 
viduals the return to basal levels in the 
postprandial period indicates hepatic clear- 
ance of serum bile salts and storage by the 
gall bladder. In postcholecystectomy 
patients this latter mechanism cannot occur 
and so increased secretion into the gut con- 
tinues throughout the day resulting in a 
high plateau of serum levels. In contrast, 
the subjects who had ileal resection are 
unable to absorb bile salts efficiently and 
lose them in the stools. Consequently the 
serum peaks are smaller. The authors sug- 
gest that the diminishing responses to the 
second and third meals are due to hepatic 
inability to maintain an adequate rate of 


28 NOV, 875 

bile acid synthesis to balance the losses in 
the stools. 

It is apparent that the radioimmunoassay 
for CCA is a powerful tool to study biliary 
physiology and pathology in man. The 
sensitivity and precision of the method 
make it feasible to design ethically accepta- 
ble tests which will eventually have a 
diagnostic clinical value as well as being 
useful for research. 

Another aspect of biliary function was 
studied by Gregory and his colleagues.® 
Using an isolated perfused rat liver model, 
they investigated the role of bile salts in 
stimulating the synthesis and secretion of 
biliary lipids. The patterns of cholesterol, 
lecithin and bile salt secretion occurring in 
normal and disease states support the con- 
cept of a homeostatic relationship between 
bile acid fluxes and biliary lipid secretion, 
but the exact site of action of the bile salts 
remains undefined. Biliary lecithins are 
known to be synthesized in the liver via the 
CDP-choline diglyceride pathway.® They 
are also rich in palmitic and linoleic acids 
but transacylation must also occur as one 
species is rich in arachidonic acid.^ Evi- 
dence indicates that the microsomal frac- 
tion contains the sole hepatic subcellular 
membranes with CDP choline transferase 
activity necessary for lecithin synthesis ab 
initio. The role of the biliary canalicular 
membranes in lecithin synthesis and trans- 
port has not yet been investigated. 

Gregory et al. perfused isolated rat livers 
with a red blood cell enriched, physio- 
logical medium in a closed system to which 
sodium taurocholate was added in some 
experiments. Radioactive palmitic acid, 
linoleic acid, phosphate or mevalonic acid 
were infused. Bile was collected at intervals 
before and afterwards. At the end of the 
experiment the livers were weighed, placed 
in a chilled buffer and homogenized. Bile 
canalicular membranes and microsomes 
were prepared by ultracentrifugation. The 
purity of the membrane fractions was con- 
firmed by enzyme analysis and electron 
microscopy. The microsomes were rich in 
glucose-6-phosphatase and the canalicular 
membranes in 5'-nucleotidase and IVlg'*'’^- 
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dependent ATPase. Each fraction prepared 
by centrifugation showed less than 10 per- 
cent contamination. CDP-choline di- 
glyceride transferase activity was present in 
the microsomes but not in the canaliculi. 
Electron microscopy showed the bile 
canalicular fraction to contain characteris- 
tic tight junctions and fragmented mem- 
branes. 

Under control conditions the secretion 
of biliary lipid by the liver was very low 
(phospholipid 0.2 and cholesterol 0.05 
Mmoles per hour). The addition of tauro- 
cholate, however, caused an immediate ten- 
and four-fold increase respectively in the 
secretion rates. The incorporation of 
palmitic and linoleic acids into lecithin 
occurred rapidly. The highest specific 
activity of the microsomal fraction 
occurred 30 minutes after the infusion of 
radioactive precursors at which time its 
specific activity was greater than that of 
the canalicular fraction. During the next 
study period, from 30 to 60 minutes, the 
specific activity of biliary lecithin was 
greater than either the microsomal or 
canalicular fraction. This difference became 
greater during the last study period from 
60 to 90 minutes. 

Choline was incorporated into linoleyl 
lecithin in both membrane fractions and 
bile more rapidly than into arachidonyl 
lecithin as was phosphate but the pattern 
of phosphate incorporation differed from 
that of choline or fatty acid. At 30 minutes 
after injection the lecithin phosphate 
specific activity was greatest in the biliary 
canalicular membranes, intermediate in bile 
and lowest in the microsomal fraction. 
Furthermore phosphate incorporation to 
linoleyl and arachidonyl lecithins occurred 
equally. By 60 to 90 minutes the biliary 
lecithin phosphate activity was highest. 

The addition of taurocholate to the per- 
fusion medium markedly stimulated the 
incorporation of choline and phosphate 
into lecithin. The incorporation curves of 
mevalonic acid into cholesterol in the 
microsomes and canaliculi were almost 
identical indicating a rapid intracellular 
transfer of this molecule in the presence of 
taurocholate. 
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This work elegantly demonstrated that 
bile canalicular membranes do not synthe- 
size biliary lecithin, that both linoleyl and 
arachidonyl lecithins originate in the 
hepatic microsomes and that lecithin is 
transported rapidly from its site of 
synthesis to the point of secretion. The 
authors interpret the phosphate incorpora- 
tion data as possibly due to incomplete 
equilibration of the inorganic radioactive 
phosphate with a large ATP pool occurring 
in the early part of the study. Another 
possibility is that the observed pattern of 
phosphate incorporation is due to 
phosphate being involved in secretion of 
lecithin as well as in its synthesis. The early 
incorporation of phosphate in the 
canaliculi is due to the secretion of pre- 
formed lecithin. Taurocholate is clearly 
essential for both the synthesis and secre- 
tion of biliary lipid and may act specifically 
on the CDP-choline pathway.^'® The 
existence of a transport protein or proteins 
for both lipids and bile salts was considered 
by the authors as a possible mechanism for 
intrahepatocyte transport and site of action 
for stimulation by bile acids. This was not 
included in their study. Proteins have been 
isolated from hepatocyte cell sap which 
bind both bile acids® and biliary lipids.® 
Further work is necessary to clarify the 
relationships of these binding proteins to 
bile salt and lipid metabolism and secre- 
tion. □ 
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PHARYNGEAL LIPASE ACTIVITY IN MAN 

Lipolytic activity was found in esophageal aspirates of human subjects 
and was not present in saiiva. 


Key Words: gastric lipolysis, humans 

In the classical concept of lipid digestion in 
animals with simple stomachs, it is stated 
that enzymic lipolysis is initiated by 
pancreatic lipase acting in the duodenum. 
Limited lipolysis is recognized to occur in 
the stomach, generally attributed to action 
of a weak gastric lipase, primarily affecting 
dietary lipid emulsions. The source of 
gastric lipase has not been identified except 
in the calf^ in which lipolytic activity was 
demonstrated in glandular tissue of the 
tongue, pharynx and upper esophagus. 
Recently a potent lipase was demonstrated 
in serous glands of the rat tongue.^ Effec- 
tive gastric hydrolysis of dietary triglyc- 
erides to partial glycerides and free fatty 
acids was catalyzed by lingual lipase. 

Evidence, presented by Hamosh et al.,^ 
demonstrates that esophageal aspirates 
from man contain lipolytic activity closely 
resembling that found in the tongue and in 
the stomach of rats. 

The subjects were 11 female and six 
male volunteers, between the ages of 20 
and 54 years. They ate a regular diet until 
fasted overnight prior to the tests. 
Esophageal and gastric aspirates were ob- 
tained with a nasogastric tube without 
anesthesia. Samples were obtained at two 
levels of the esophagus and from the 


fundus of the stomach. They were taken 
while the subject drank 15 to 30 ml of a 
cream-milk mixture followed by 15 to 45 
ml of water. Esophageal samples were saved 
for analysis only if they were water clear. 
Gastric samples, taken last, usually con- 
tained a small amount of triglyceride from 
the milk-cream mixture. Salivary gland 
secretions were collected simultaneously 
with devices placed directly over the gland 
orifices. 

Lipolytic activity was assayed by the 
amount of chylomicron triglyceride hy- 
drolyzed to diglyceride, monoglyceride, 
glycerol and FFA. The assay mixture con- 
tained doubly labeled chylomicrons, 
sodium citrate-phosphate buffer, bovine 
serum albumin and the sample of aspirate. 
The chylomicrons were isolated by centri- 
fugation of thoracic duct chyle from fasted 
rats tube-fed corn oil containing l-^'^C 
palmitic acid and trioleolyl(2-^ H) glycerol 
and suspended in 4 percent albumin solu- 
tion. 

After incubation at 38° C for 15 to 60 
minutes the lipids were extracted with 
hexane, separated by thin layer chroma- 
tography and counted for and 
content. In some cases nonradioactive 
lipids were used. In these cases, FFA in the 
hexane extract were determined by titra- 
tion. The glycerides were separated by 
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column chromatography and determined 
photometrically. 

Aspirates from both esophagus and 
stomach contained lipolytic activity that 
was maximal at pH 5.4 and hydrolyzed 
chylomicron triglyceride, producing in 
mole percent of the glyceryl products 67 to 
78 diglycerides, 21 to 26 monoglycerides 
and 8 glycerol. The rate of chylomicron 
triglyceride hydrolyzed varied from none 
to 357 nmoles per minute at pH 5.4 and 
was very slight at pH 7.4. Salivary secre- 
tions contained essentially no lipolytic 
activity. 

In further tests the hydrolysis of milk 
and corn oil triglycerides in the stomach 
were examined. The overnight fasted sub- 
jects were given 30 or 60 ml of liquid test 
meals containing 11 to 13 percent tri- 
glyceride, either as a cream-milk mixture or 
as a corn oil-water mixture. Gastric samples 
were obtained before and at various periods 
up to ten minutes after consuming these 
meals. Corn oil triglyceride was hydrolyzed 
as rapidly as milk triglyceride. Three to 12 
percent of the triglyceride was hydrolyzed 
within four minutes. There was no further 
hydrolysis up to ten minutes. Most of the 
glyceryl products were diglyceride, with 
monoglyceride and FFA being minor 
products. 


In a final, in vitro test, it was shown that 
addition of products of triglyceride 
hydrolysis to triolein in 1 percent gelatin 
solution would stimulate emulsification of 
the triolein upon shaking at pH 5.4. This 
indicated that these hydrolytic products, 
added in amounts and proportion similar to 
those found in the stomach contents, could 
facilitate emulsification of triglyceride in 
the stomach. 

These data demonstrate that enzymic 
lipolysis in man is initiated by secretions 
entering the esophagus at the pharyngeal 
region and not by saliva. The di- and 
monoglycerides and FFA produced may 
stimulate emulsification of triglycerides, 
thus increasing the rate of lipolysis in the 
stomach. □ 
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VITAMIN E THERAPY IN PREMATURE BABIES 

The pathological basis for the hemolytic anemia of vitamin E deficiency is 
discussed. New work comparing the use of two different therapeutic 
forms of vitamin E in premature babies is evaluated. 


Key Words: vitamin E deficiency, hemolytic 
anemia, iron therapy, premature babies 
Vitamin E deficiency in older children and 
adults is very rare because this vitamin is 
widespread in plants and because vitamin E 
stores in the body are considerable. Vita- 
min E is present in the membrane fraction 
of red cells^ and plays an important role in 
the function of cellular membranes, not 
only the outer cell membrane, but also 
those of intracellular organelles such as the 
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mitochondria. Recent variations have been 
proposed on the classical Danielli-Davson 
hypothesis that the cell membrane is a 
bilayer construction of phospholipid and 
protein. Nevertheless, the importance of 
phospholipid and its maintenance in an 
appropriate form is an essential assumption 
of all theories. It has been suggested that 
vitamin E acts as an antioxidant preventing 
the formation of peroxides,^ particularly 
preventing peroxidation of membrane 



lipids.^ Alternatively by complexing with 
phospholipids, vitamin E may control 
membrane stability."^ 

Vitamin E deficiency can be induced in 
* experimental animals and is present on a 
pathological basis in individuals who have 
a-/3-lipoproteinemia. This is a rare hereditary 
disorder, with an autosomal recessive form 
of inheritance where the homozygote lacks 
|3-lipoprotein and vitamin E deficiency thus 
ensues. 

In this condition acanthrocytosis is 
present, i.e. the red cells are spiny with 
^ numerous projections from their surface. In 

f such individuals and in the vitamin E- 

i deficient duckling, direct pathology of cell 
mitochondria and other organelle mem- 
branes has been found by ultrastructural 
studies with the electron microscope.^ 
Instead of clearly defined, closely apposed 
double membranes as in the normal situa- 
tion, there is in the membranes a general 
fuzziness and lack of definition. In the a-^- 
lipoproteinemic children, as well as in the 
ducklings, several months of therapy with 
I vitamin E are necessary to restore the 
normal picture. 

The population most at risk in the de- 
velopment of vitamin E deficiency is the 
premature baby. These infants have low 
stores at birth, and their capacity to absorb 
i this vitamin is diminished compared with 
I more mature infants.® Since hemopoietic 
y-v tissue is among those with the most rapid 
turnover, it is not surprising that vitamin E 
deficiency manifests itself mainly as a 
hemolytic anemia with morphological evi- 
dence of membrane abnormality i.e. 
acanthrocytosis. In addition there is evi- 
dence that vitamin E has a stimulatory 
effect on the synthesis of heme,^ which 
may also be contributory to the anemia. 

I There are two other factors to be con- 
! sidered. First, the degree of saturation of 
' the fats ingested affects the requirement 

T for vitamin E. Thus the breast fed baby 

' requires less of the vitamin than the bottle 
fed, since proprietary milks have a con- 
siderably higher amount of polyun- 
saturated fatty acids than breast milk. 
Small premature infants can absorb these 



! 


fatty acids well, but not the vitamin E to 
protect their red cells from hemolysis. The 
second factor thought to be contributory 
to vitamin E deficiency hemolysis is iron. 
This mineral can act as a co-factor in vitro, 
catalyzing the oxidative breakdown of red 
cell lipids. Melhorn and his co-workers® 
showed that preterm babies given iron 
alone are significantly more anemic than 
those given iron and vitamin E, vitamin E 
alone or no supplement. Therefore it has 
been suggested that, since even the preterm 
infant will not exhaust his iron stores 
before two to three months of age, it 
would be better not to give therapeutic 
iron before this period elapsed.® 

Vitamin E has been commonly admin- 
istered as the fat-soluble form, a- 
tocopherol acetate (TA). A water-soluble 
form, a-tocopherol polyethylene glycol 
1000 succinate (TPGS), is now available. 
The relative ease of absorption of this sub- 
stance in preterm infants is the subject of a 
recent report by Gross and Melhorn.^® The 
effects of concurrently administered iron 
were also studied. 

Infants of less than 36 weeks gestation 
and less than 2000 g birth weight were 
studied, those with anemia being excluded. 
In the first study, 30 infants were divided 
into three groups and fed either 25 lU of 
TPGS daily, the same amount of TA or no 
supplement at all. This last group served as 
a control. Those infants fed the water- 
soluble vitamin TPGS had a significantly 
smaller decline in hemoglobin over the 
ensuing six weeks as compared to the con- 
trol infants, i.e. 22.5 and 34.0 percent 
respectively. Those infants fed the fat- 
soluble vitamin (TA) gave intermediate 
results with a 27.5 percent decline. Thus 
water-soluble vitamin E appears to be more 
efficacious in preventing hemolysis in the 
newborn. Absorption studies in three-day- 
old premature infants showed that TPGS 
was better absorbed than TA. 

A further study was initiated to show 
the effects of iron. Forty-five infants were 
divided into three groups and given fat- 
soluble TA with 13.7 mg of elemental iron 
or with trace quantities of elemental iron. 
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A third group was given water-soluble 
TPGS with 15.7 mg of elemental iron per 
day. This last group was also unavoidably 
given 6.6 ID of TA since this amount 
was naturally present in the milk formula. 
Again, those infants receiving the water- 
soluble vitamin had the lowest fall in 
hemoglobin and those receiving the fat- 
soluble vitamin with an iron supplement 
had the larger fall. Thus iron appeared to 
be deleterious to the maintenance of 
hemoglobin levels. Both groups of infants 
given TPGS had higher serum tocopherol 
levels than did the other groups. 

In four infants with low tocopherol 
levels the level of erythrocyte membrane 
phosphatidyl ethanolamine was low com- 
pared to that found in vitamin E-replete 
babies. 

The underlying basis of the interference 
of iron with vitamin E is not clear. It 
appears to be partly due to interference 
with absorption since, of the two groups 
fed TPGS, those without additional iron 
had higher serum tocopherol levels than 
those with iron. Nevertheless the constitu- 
tion of the formulas in these two groups 
was not exactly the same. As the authors 
point out, it would have been better to 
have included a comparable formula with 
trace quantities of iron in the study. 

Thus the water-soluble vitamin E is to be 
preferred as therapy for small premature 
babies, probably because absorption of this 
vitamin is unaffected by deficiency of bile 
salt or pancreatic enzyme secretion. The 
role of iron in vitamin E metabolism re- 
quires further elucidation but for practical 
purposes the two should not be given to- 


gether unless there is evidence of iron 
deficiency. □ 
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RECENT CLINICAL CORRELATES OF 
VITAMIN D METABOLITES AND CALCIUM METABOLISM 

Several types of bone disease are related to abnormalities in the 
metabolism of vitamin D. The synthetic 1-OH hydroxycholecalciferol appears 
to have considerable potential as a therapeutic agent. 


Key Words: 25-hydroxycholecalciferol (25-OH- 
HCC), calcium absorption 

Vitamin D or cholecalciferol is formed by 
the action of ultraviolet light on 7-dehydro- 
cholesterol in the skin and is available as a 
fat soluble sterol in the diet. While the 
major circulating from of vitamin D is 
25-hydroxycholecalciferol (25-OH-HCC), 
the most potent form of vitamin D with 
regard to the intestinal transport of calcium 
is 1,25 hydroxycholecalciferol (1,25 
OH-HCC). In recent years it has been 
shown that vitamin D is metabolized to 
25-OH-HCC in the liver while the kidney is 
the major site of formation of 1,25 
OH-HCC. The principal functions of vita- 
min D include a synergistic effect with 
parathyroid hormone in the mobilization 
of bone, and the intestinal absorption of 
dietary calcium. Vitamin D appears to be 
an essential factor in the synthesis of 
calcium-binding protein, the carrier for 
calcium transport across the intestinal 
mucosal cell. Since 1,25 OH-HCC is the 
most potent form of vitamin D and re- 
quires hepatic and renal metabolism for its 
formation, one might predict that diseases 
of these organs would affect the intestinal 
transport and metabolism of calcium. 
Several recent articles placed these physio- 
logic observations in a clinical concept. 

Oettinger and his co-workers studied the 
intestinal absorption of calcium in seven 
patients with endstage renal disease, before 
and after bilateral nephrectomy.^ The 
patients were maintained on hemodialysis 
while awaiting renal transplant. Calcium 
absorption was measured using a double 


isotope method whereby '‘^Ca was admin- 
istered orally and ^^Ca was administered 
intravenously. The ratio of the isotopes in 
the blood at 24 hours was used to calculate 
the intestinal absorption of calcium. Prior 
to nephrectomy the mean calcium absorp- 
tion was 20.2 percent. Following bilateral 
nephrectomy calcium absorption decreased 
significantly to a mean of 12.7 percent. 
The decrease in calcium absorption was 
ascribed to an absence of renal 1 -hydroxy- 
lation of vitamin D 3 , although levels of 
1,25 OH-HCC were not measured directly. 

In a recent investigation of the etiology 
of hypocalcemia and bone thinning in 56 
epileptic children being maintained on anti- 
convulsant therapy, Hahn and his co- 
workers measured the effects of pheno- 
barbital and diphenylhydantoin, singly or 
in combination, on levels of calcium, serum 
25-OH-HCC and bone mass.^ The patients 
were matched with a control group of the 
same age and sex in which the exposure to 
sunlight and to vitamin D (3500 I.U. per 
week) was similar. The incidence of hypo- 
calcemia was 4 percent in the drug-treated 
group while serum calcium levels as a whole 
were significantly less than in the control 
group. There was a marked increase, how- 
ever, in liver and bone alkaline phosphatase 
as well as a definite decrease in levels of 
serum 25-OH-HCC in the drug-treatment 
groups. Bone mass measured in the radius 
was significantly decreased in patients 
receiving the combined anticonvulsant 
therapy. There was a positive correlation of 
serum calcium and serum 25-OH-HCC in 
the drug-treated groups but not in the con- 
trol group. Thus anticonvulsant therapy 
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with diphenylhydantoin and phenobarbital 
has a suppressant effect on levels of 25- 
OH-HCC with a resultant decrease in serum 
calcium tevels and in bone mass. A physio- 
logic basis for these clinical findings is the 
in vitro observation that liver microsomes 
from phenobarbital-treated animals show 
enhanced conversion of 25-OH-HCC to in- 
active polar products which are excreted in 
the bile.^ These data were correlated with 
clinical observations showing decreased 
plasma halflife of tritium-labeled vitamin 
Dg with increased conversion to polar 
metabolites in 'patient volunteers receiving 
chronic phenobarbital therapy. Anticon- 
vulsant therapy may result in osteomalacia 
through increased hepatic microsomal 
inactivation of 25-OH-HCC. 

The clinical use of 1 OH-HCC was de- 
scribed in studies of patients with intestinal 
malabsorption who were hospitalized in 
Paris, France."^ It has previously been 
shown to be effective in renal patients^ and 
in the chick. The synthetic 1 OH-HCC is as 
effective as 1,25 OH-HCC in promoting 
intestinal calcium transport.® In the clinical 
study, the intestinal absorption of calcium 
and phosphorus and osteoclastic activity in 
bone biopsies were measured in two adult 
patients with celiac sprue and in two 
patients with intestinal stasis (bacterial 
overgrowth) syndromes. 1 OH-HCC was 
administered intravenously at a dose of 2.5 
or 5.0 Mg per 24 hours for a ten day period. 
With either dose there was a decrease in the 
fecal excretion of dietary calcium and 
phosphorus as well as a fall in urinary 
excretion of phosphorus. This effect could 


210 NUTRITION REVIEWS/VOL 33, NO. 7 / JULY 1975 


(.* 




have resulted from decreased parathyroid 
hormone activity or a direct effect of 1 
OH-HCC on the renal medulla. Simul- 
taneously, in bone biopsies osteoclastic 
activity increased in three patients while 
the percent of calcified osteoid was in- 
creased in each case. Thus a synthetic 
vitamin D compound which incorporates 
the normal renal step of 1-hydroxylation of 
cholecalciferol may be highly effective as 
an antirachitic compound. When widely 
available, this compound may prove highly 
effective in the treatment of disabling 
osteomalacia in patients with intestinal 
malabsorption syndromes. □ 
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CXXXI. PYRUVIC ACID AS AN INTERMEDIARY 
METABOLITE IN THE BRAIN TISSUE OF AVITA- 
MINOUS AND NORMAL PIGEONS. 

BY RUDOLPH ALBERT PETERS and 
ROBERT HENRY STEWART THOMPSON. 

From the Department of Biochemistry, Oxford. 

(Received May 4th, 1934.) 

The recent discovery of a pyruvate reaction in lactate solutions in which 
avitaminous pigeon’s brain has respired in vitro for 2 hours [Peters and 
Sinclair, 1933] is of interest in relation to the action of vitamin 
because addition of this reduces the amount of the abnormal substance 
(for references see Gavrilescu et al [1932] and Meiklejohn et al. [1932]). 
More generally, identification of pyruvate in these circumstances lends 
support from an unexpected source to the recent conceptions of this 
substance as a normal intermediary in the metabolism of carbohydrate in 
the animal (see especially Embden et al. [1933] and Meyerhof and 
Kiessling [1933]). Otherwise these views depend entirely upon work with 
added sulphite or fluoride. There is also involved the even more funda- 
mental problem of synthesis of carbohydrate from lactic acid, since the 
indication is that vitamin is related to the oxidative synthesis of lactate. 
With this idea in mind, we have devoted attention in the main to 
phenomena occurring in lactate solutions, as we are more likely so to 
approximate to conditions favouring the synthesis. The experiments 
described in this paper have been made with minced brain and in 
phosphate solutions to facihtate manipulations and to obtain better 
duplicate control. The conditions are frankly artificial and narrowed for 



the study of the one point, but it is most unlikely that qualitative errors 
have been imposed by our conditions. The presence of the substance 
reacting hke pyruvate is equally induced by sections of avitaminous brain 
and was found by Sinclair (personal communication) to occur with bi- 
carbonate solutions. 

We have proved that the nitroprusside-reacting substance is actually 
pyruvic acid and have obtained quantitative data relating extra pyruvate 
disappearance in presence of vitamin to extra oxygen uptake to find out 
whether pyruvate disappears as a direct or indirect effect of the vitamin.^ 

0 0 0 © 

Pyruvate as substrate. 

The conclusion that the vitamin catalyses disappearance of pyruvate as 
weU as increased O 2 uptake can be confirmed by substitution of pyruvate 
for lactate in the respiring system. This is in striking contrast to lactate, 
extra disappearance of which was not shown to take place in presence of 
vitamin [Meiklejohn, 1933] . 
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Pyruvic acids is the first organic substance which has been proved to 
disappear in vitro as the result of action of vitamin this change 
accompanying the extra oxygen uptake. Much of the evidence presented 
up to this point is consistent with the idea that the vitamin acts directly 
upon the pyruvate. 


©00© 

Summary. 

1 . Disappearance pyruvic acid and of bisulphite-binding substances 
accompanies the extra oxygen uptake induced by the action of crystalline 
vitamin in pigeon’s brain tissue respiring in vitro. Estimations have been 
made by the method of Clift and Cook and by a modified Case method. 

2. Pyruvate also disappears when substituted for lactate. 

3. The average value for the quotient extra O 2 uptake/pyruvic acid 
disappearing approximates to 506, representing 2 mols. O 2 taken up to 1 
mol. pyruvic acid disappearing, but there are wide variations, which lead to 
the behef that disappearance of pyruvate is an indirect effect of vitamin 
action. 

4. The phenomena are consistent with the view that pyruvic acid is a 
normal intermediary in the metabolism of pigeon’s brain tissue. In 
agreement with the Embden-Meyerhof fermentation scheme, it ac- 
cumulates with respiring normal brain tissue in presence of iodoacetate 
and not of fluoride. 


EXPEK8i¥iE^TAL 


ANEMIA OF INFLAMMATION AND 
THE ROLE OF THE RETICULOENDOTHELIAL CELLS 


The hypoferremia in inflammation is due to shortened disappearance time of 
serum iron and the failure of RE cells to release iron. 


Key Words: iron, anemia, inflammation, reticu- 
loendothelial cells 

The anemia which commonly complicates 
chronic infections and chronic inflamma- 
tory disorders is characterized by low 
serum iron, a low iron-binding capacity of 
serum, and increased tissue iron stores.^ 
The widely held opinion is that the low 
serum iron concentration is due to the fail- 
ure of the reticuloendothelial (RE) cells to 
release iron. Although impaired intestinal 
absorption was also considered to be a 
causative factor, its contribution was be- 
lieved not to be significant,^ With the 
development of more refined techniques 
employing radioactive isotopes, the inter- 
pretation of studies on iron metabolism has 
become much easier. Employing some of 
these recent methods, Hershko and co- 
workers^ attempted to study the contri- 
bution of these two mechanisms to the 
hypoferremia of inflammation. 

Inflammation was produced in eight- 
week-old rats by intramuscular injections 
of turpentine. Within five hours following 
the injection, a profound fall in serum iron 
and total iron-binding capacity was ob- 
served and the effect was evident even 24 
hours later. Plasma iron turnover was 
studied by injecting transferrin-bound 
®®Fe, which was prepared by incubating 
rat plasma in vitro with ®®Fe. The disap- 
pearance half-time was considerably short- 
ened to 48 minutes, as against 93 minutes 
in the control animals. The authors con- 
sider this to be an important cause of hypo- 
ferremia. Since this group had earlier dem- 
onstrated"^ that animals in this age group 


derive nearly 60 percent of their serum iron 
from the intestinal cells, intestinal iron 
absorption was next studied. 

The animals were given food extrin- 
sical ly labeled with ^^FeClg by the 
methods described by Cook and his co- 
workers^ and by Hallberg and Bjorn- 
Rasmussen.® This technique considerably 
simplified the study of iron absorption. 
Whole body radioactivity in these animals 
was counted 24 hours and five days later 
and iron absorption was calculated. There 
was a significant reduction in iron absorp- 
tion, the reduction being much more than 
could be explained by the reduced food 
intake, a common feature of all inflamma- 
tory conditions. The iron obtained through 
intestinal absorption, however, still consti- 
tuted nearly 55 percent of the total serum 
iron. 

The release of iron by the RE cells was 
then studied by a double isotope proce- 
dure. Most of the iron entering the RE cells 
is in the form of intracellular hemoglobin; 
extracellular hemoglobin bound to hapto- 
globin is taken up by the parenchymal 
cells.^ The animals were given simultaneous 
injections of heat-damaged erythrocytes 
labeled with ®®Fe and of transferrin-bound 

Fe. Blood radioactivity was counted over 
a period of ten days and the release of iron 
by RE cells calculated. For the study of 
parenchymal cell activity, ®^Fe hemo- 
globin-haptoglobin was used instead of 
labeled erythrocytes. 

Total hepatic radioactivity was found to 
be high in inflammation. The radioactivity 
in heme was markedly low with a recipro- 
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cal increase of radioactivity in ferritin. 
There was a definite decrease in the release 
of iron, the defect being more evident in 
RE cells and the percent release being ap- 
proximately one-half of the control values. 
This effect was more pronounced in the 
early release of iron. 

The authors interpret these observations 
as indicative of a synchronous effect of 
inflammation on intestinal cells, RE cells, 
and hepatocytes. Due to the increased 
breakdown of erythrocytes, more iron 
would enter the RE cells resulting in in- 
creased ferritin concentration, but with a 
defect in the release of iron into circulation 
leading ultimately to anemia. □ 
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REGULATION OF LIVER METABOLISfVi OF 
PYRIDOXAL PHOSPHATE 

That formation of pyridoxal phosphate from pyridoxine is regulated in vivo 
is suggested by the fact that high dietary intakes of pyridoxine do not 
increase brain and liver pyridoxal phosphate in rats. Also, the pyridoxal 
phosphate concentration of isolated rat hepatocytes remains constant 
even when high concentrations of pyridoxine are added to the medium. 

Inhibition of cellular phosphatases, however, results in increased 
pyridoxal phosphate formation from pyridoxine added to the medium. Much 
of the pyridoxal phosphate synthesized becomes bound to protein. The 
protein-bound pyridoxal phosphate is less susceptible to hydrolysis. 


Key Words: pyridoxal phosphate (PLP), 
apoenzymes, binding proteins, regulatory mecha- 
nism 

Vitamin Bg occurs in liver chiefly as pyri- 
doxal phosphate (PLP) and pyridoxamine 
phosphate (PIVIP).^’^ The level of vitamin 
Bg in rat liver increases with the dietary 
intake of pyridoxine up to 25 to 50 jug per 
day, but no additional increase in liver vita- 
min Bg occurs with higher intakes.^ In 
contrast, at very high pyridoxine intakes, a 
reduction in total vitamin Bg concentration 
in liver has been found, with statistically 
significant decreases occurring in PLP and 
PIVIP.^ 


The fact that high intakes of pyridoxine 
or other B vitamins do not lead to higher 
tissue levels of that particular vitamin may 
be considered evidence for regulatory 
mechanisms in vivo. A regulatory mecha- 
nism for PLP formation would appear to be 
needed in view of the known reactivity of 
PLP with various enzymes in vitro, together 
with the possibility that such reactions 
might occur in vivo.® At present, relatively 
little is known about the factors regulating 
tissue levels of PLP although recent evi- 
dence indicates that the rate of dissociation 
of PLP from its apoenzymes may be a 
factor in determining the breakdown of the 
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enzyme protein.® In rats with vitamin Bg 
deficiency, specific protease enzymes may 
be involved in the degradation of these 
f- apoenzymes.^’® 

It has been suggested that pyridoxine 
phosphate oxidase or various cellular 
phosphatases may be the regulators.® 
Pyridoxine phosphate oxidase catalyzes the 
oxidation of pyridoxine phosphate (formed 
from dietary pyridoxine) to pyridoxal 
phosphate.® This enzyme is quite sensitive 
to inhibition by its product PLP. This sensi- 
tivity might be useful in shutting down 
^ formation of additional PLP when tissue 
levels of PLP are high. With respect to the 
phosphatases, several of these enzymes can 
catalyze the hydrolysis of PLP and can act 
on other phosphate compounds as well.^° 
Li and co-workers“ investigated the 
metabolism of PLP in rat liver and in iso- 
lated rat hepatocytes, in order to obtain 
more information on the regulation of PLP 
metabolism. Male, weanling Sprague- 
Dawley rats were fed ad libitum a liquid 
pyridoxine-deficient diet supplying 0.5, 
5.0, or 50 Mg per milliliter of pyridoxine. 
The composition of this diet was not given, 
except for the commercial name of the diet 
an.d its supplier. The authors stated, how- 
ever, that growth was "normal" with this 
diet, although they did not give weight 
gains in the 20-day period. The rats ate, 
however, 25, 250, and 2500 fig of pyri- 
T doxine per day, values which correspond to 
1/3, 3.6, and 36 times the daily require- 
ment of the rat.^ ^ 

These large differences in pyridoxine 
intake produced no significant differences 
in the levels of PLP in the liver or in the 
brain. With ail three diets, the liver values 
were 39 to 40 nmoles per gram of wet 
weight, and the brain values were between 
7.7 and 8.1 nmoles per gram of wet weight. 
The value of 7.7 occurred with the group 
receiving the 25 jig daily intake of pyri- 
^ doxine. This value, however, was not 
significantly lower than the values for the 
other two groups. 

Experiments were done with isolated 
hepatocytes to test whether increasing the 
pyridoxine concentration in the incubation 


medium could increase the intracellular 
concentration of PLP. Hepatocytes were 
isolated from livers of male rats weighing 
150 to 180 g, which had been fasted for 24 
hours. These livers were perfused with 
collagenase, minced, and treated with 
hyaluronidase. The viability of these cells 
was satisfactory, as indicated by exclusion 
of trypanblue, and their capacity for 
gluconeogenesis from pyruvate was 15 
Mmoles per hour per 100 mg of protein. 
The incubation medium (5 ml) contained 
2.6 mM or 80 mM sodium phosphate, with 
KCI, MgS 04 glucose, bovine serum 
albumin, and NaCI, to bring the osmolarity 
to 290 mOsM. Hepatocytes representing 12 
mg of protein were used. The cells incu- 
bated in the 2.6 mM phosphate medium (a 
physiological concentration of phosphate), 
showed no changes in cellular PLP concen- 
tration throughout a 45 minute incubation, 
as the pyridoxine concentration in the 
medium was increased up to 500 mM. 

Other work by Li and co-workers 
showed that the erythrocyte content of 
PLP could be increased by inhibiting 
phosphatase activity, when pyridoxine or 
pyridoxal were the substrates added. The 
importance of phosphatase inhibition in 
regulating PLP levels was shown by the 
increase in hepatocyte PLP when the cells 
were incubated in the presence of 80 mM 
phosphate, which inhibits phosphatase 
activity. Cells incubated in 80 mM 
phosphate showed increases in cellular PLP 
throughout the incubation as the pyri- 
doxine concentration of the medium in- 
creased from 0.5 to 5 mM, with an addi- 
tional increase at 50 mM. No additional 
increases occurred when the pyridoxine 
concentrations were greater than 50 mM. 

When the cells were incubated in the 80 
mM phosphate medium without added 
pyridoxine, no change occurred in cellular 
PLP concentration during the incubation. 
Similar results were obtained when pyri- 
doxal, rather than pyridoxine, was added 
to the incubation medium. 

The lack of increase with the 2.6 mM 
phosphate medium, despite the high con- 
centrations of pyridoxine in the medium, is 
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evidence that cellular mechanisms exist for 
regulation of PLP formation, in the 
presence of an excess vitamin precursor. 

Synthesis of PLP by the liver cytosol was 
then investigated to obtain information on 
the potential role of pyridoxine phosphate 
oxidase in the regulation of liver PLP levels. 
When pyridoxine and ATP were added to 
cytosol preparations, the concentration of 
PLP increased rapidly. After two hours of 
incubation, the PLP concentration was ten 
times higher than that found initially in the 
cytosol before incubation. Net synthesis of 
PLP from added pyridoxine still occurred 
to the same extent, even when PLP (50 
mM) was added to the incubation mixture 
at the start of the incubation. This concen- 
tration- (5.0 jj-M), of, PLP is greater than the 
concentration present in the original liver. 
Under these circumstances, the concentra- 
tion of I^LP reached in the system increased 
by nearly the same amount as before. Some 
destruction of PLP still occurred, pre- 
sumably because of incomplete inhibition 
of the phosphatases, even at 0.2 M 
phosphate in the medium. 

Thus, under these conditions, PLP did 
not appear to have inhibited pyridoxine 
phosphate oxidase, although the levels of 
PLP added to the cytosol incubations 
would have been inhibitory with the puri- 
fied enzyme. The lack of inhibition could 
have resulted from binding of the 
pyridoxal-phosphate to proteins in the 
cytosol, so that the concentration of "free" 
pyridoxal-phosphate remained low. 

That PLP formed by cytosol prepara- 
tions was bound to protein was indicated 
by experiments in which only 50 percent 
of the PLP could be removed from the 
cytosol by dialysis. Furthermore, the PLP 
remaining in the cytosol was resistant to 
hydrolysis by the phosphatase activity of 
liver plasma membrane preparations, al- 
though nonprotein-bound PLP was 
hydrolyzed. These results indicate that 
binding by proteins can act to protect 
cellular PLP, whereas phosphatase activity 
can be responsible for the degradation. Li 
and co-workers speculated that degradation 
would be rapid for any PLP formed in 
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excess of the binding capacity for the 
coenzyme. 

No identification has yet been made of 
these PLP-binding proteins in liver. It is 
possible that the "binding" proteins may 
be apoenzymes from which the PLP has 
dissociated. Glycogen phosphorylase, for 
example, is the principal protein binding 
PLP in muscle.^ ^ Exchange of PLP has 
been found to occur between different 
apoenzymes.^ ^ Anion binding proteins also 
exist in liver, and these may be able to bind 
PLP.^® More information is needed on the 
mechanisms by which PLP is hydrolyzed 
by the liver. Initial data suggest that plasma 
membrane-associated alkaline phosphatases 
may be responsible.^® 

Experiments such as these emphasize 
how little is known about the factors which 
regulate the formation and degradation of 
coenzymes. The importance of information 
on this subject is emphasized by evidence 
indicating that coenzyme dissociation may 
determine the rate of turnover of 
apoenzyme protein. □ 
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NEUROLOGICAL DAMAGE IN 
VITAMIN B^2"^EP'-ETED BATS 

Fruit bats fed an all fruit diet for 200 days or longer became depleted of 
vitamin 5^2- They exhibited neurological damage, characterized by ataxia 
with difficulty in climbing and abnormalities in the down stroke of the 
flight cycle. Histological examination of the spinal cord revealed 
changes indicative of demyelination. The similarity of the neurological 
changes to those seen in advanced pernicious anemia suggests that the 
bat may provide a useful animal mode! for studying this aspect of the disease. 
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In man, pernicious anemia results from 
impaired absorption of vitamin ^■^ 2 - 
manifests itself primarily in a megaloblastic 
anemia and subacute combined degenera- 
tion (demyelination) of the spinal cord. 

Common experimental animals such as 
the rat and the chick require vitamin Bj2 
for normal growth, reproduction and egg 
hatchability. They have been of limited 
usefulness in studying the pathophysiology 
of the hematological and neurological 
disturbances, however, because vitamin 

2 deficiency does not produce anemia or 
consistent neurological symptoms compara- 
ble to those in human beings.^ 


Biochemically, vitamin B^2 'S known to 
function as a coenzyme in only two reac- 
tions in mammals. (See Figure 1). 

In the first reaction vitamin Bj^2 coen- 
zyme is required for the methylation of 
homocysteine to form methionine. The 
methyl group is contributed by 5-methyl- 
tetrahydrofolic acid and tetrahydrofoiic 
acid is regenerated. In the second reaction, 
propionic acid is converted to propionyl 
CoA, then to methylmalonyl CoA and in 
the presence of vitamin B^g coenzyme and 
a mutase, it is isomerized to succinyl CoA 
for metabolism in the citric acid cycle. 

Morphologically, the, megaloblastic 
anemia of pernicious anemia is indis- 
tinguishable from that of a folic acid de- 
ficiency. Since large doses of folic acid 
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restore the megaloblastic state to normal, it captivity and its natural diet consists 

has been suggested"^ that in pernicious mainly of fruits and flowers. Coprophagy 

anemia, the vitamin 6^2 deficiency pro- has not been observed in these animals, 

duced a secondary deficiency of folic acid. thus minimizing the chances of fecal vita- 

A mechanism proposed is that the vitamin min contamination. It is thought that 
methyltransferase reaction may be in its natural state, the bat gets its vitamin 

impaired by the vitamin Bj^2 deficiency B;^2 frorn inadvertent ingestion of fruit 

and folate thus becomes "trapped" as insects and by drinking stagnant water. By 

5-methyltetrahydrofolate because of the excluding these sources of the vitamin, a 

essentially irreversible methyl enetetra- natural fruit diet, free of vitamin 

hydrofolate reductase reaction. Supple- could be fed the bats for long periods of 

menting folic acid would bypass this reac- time. 

tion and provide the folate derivatives Washed, pest-free all-fruit diets con- 
needed for essential purine and pyrimidine sisting of peeled bananas, papayas, pears 
synthesis and normal erythropoiesis. and oranges were fed to adult bats. Clean 

More recent studies suggested that the tap water was supplied daily. At various 

"methyl trap" theory may have to be times after being placed on the diet, ani- 

modified to also include a diminished mals were sacrificed and concentrations of 

folate transport and a reduced synthesis of vitamin B^^. blood and liver analyzed, 

the polyglutamate forms of folic acid in Stained slides of rib bone marrow were pre- 
vitamin B^^ 2‘deficient animals.® pared, as were spinal cords from freshly 

Folic acid does not prevent the neuro- sacrificed animals which were stained for 
logical disturbances of pernicious anemia. detection of myelin and axons. 

Therefore, investigations and theories for At time of capture, average serum vita- 
the biochemical lesion® causing the min Bj2 concentration of the bats was 

neuropathy centered on various aspects of 1964 ±121 pg ml'^. After 330 days on the 

deranged propionic acid metabolism.®-^ fruit diet, it had dropped to 98.6 ± 35 pg 

The lack of an experimental animal model, ml'^. During the same period, liver vitamin 
however, hindered progress in this area 6^2 concentrations also fell significantly, 

also. A report® that captive monkeys fed a The hemoglobin, hematocrit and red cell 

vegetarian diet develop a cage paralysis count, however, were not altered by the 

resembling the demyelination of pernicious deficiency and there was no sign of megalo- 

anemia, suggested that these animals might blastic change in the bone marrow. Leuko- 


provide a suitable experimental model. The 
results, however, have not been con- 
firmed® and the exact relation of cage 
paralysis in monkeys and vitamin Bj2 
deficiency remains unclear. 

Another approach to this problem has 
been reported by Green et al.,^ ^ who 
studied vitamin B^^ 2 deficiency in the tropi- 
cal fruit bat (R. aegyptiacus). This species 
was chosen because it is easy to raise in 
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cyte count was significantly depressed by 
the deficiency (19.5 to 4.9 thousand 
after 130 days on diet. The injection of 
200 ng of vitamin 3^2 P®*" week in two 
bats restored leukocyte concentrations to 
initial values, indicating the changes were 
due to the vitamin depletion. 

As the bats became more deficient (after 
200 days on diet), seven out of ten sur- 
viving animals developed ataxia and had 





difficulty climbing. There seemed to be a 
loss of reflex proprioceptive sensation in 
their feet. They also had trouble disengag- 
ing their claws from the wire mesh. 

Flight cycle characteristics of the ani- 
mals were also analyzed by high speed cine- 
and still photography. Abnormalities in the 
downstroke part of the cycle were observed 
in deficient animals. Wing surfaces were 
crumpled and irregular compared with the 
normally smooth, extended wing of the 
controls. The usually fully extended 
phalanges trailed in the slip stream of 
deficient bats. 

Spinal cord sections, obtained at 200 
days from four out of five bats exhibiting 
the climbing and flying abnormalities, 
showed patchy, spongiose change in the 
white matter of the lower cervical and 
upper thoracic regions. This mainly 
affected the lateral and ventrolateral 
columns and resembled early demyelina- 
tion. The spinal cord lesions were similar to 
those seen in pernicious anemia, except 
that in the human lesion, the dorsal and 
lateral .columns were mainly affected. Bats 
given weekly, intramuscular injections of 
200 ng cyanocobalamine did not develop 
neurological changes. Once the functional 
changes had appeared, however, vitamin 
B ^2 failed to reverse them. 

This study showed that a relatively easy 
to care for animal, the bat, could be de- 
pleted of vitamin B^ 2 by feeding its natural 
fruit diet. The blood picture presented by 
the vitamin B 3 ^ 2 ‘depleted bat reserhbled 
that seen in the vitamin B;^ 2 depleted rat^ 
and would not serve as a model for study- 
ing the megaloblastic anemia of pernicious 
anemia. The folic acid provided by the fruit 
may have prevented the hematological 
changes. The vitamin B^^ 2 'depleted bat 
appears to provide, however, a useful 
model for successfully inducing neuro- 
logical changes that closely resemble the 
subacute combined degeneration of the 
spinal cord seen in pernicious anemia. If 
this model turns out to be as promising as 
it appears, various hypotheses on the bio- 
chemical lesion concerned with impaired 



propionic acid metabolism and the in- 
corporation of abnormal fatty acids into 
myelin membranes® can be subjected 
to direct investigation. □ 


1. E. L. R. Stokstad: Experimental Anemias in 
Animals Resulting from Folic Acid and Vita- 
min Bj ^2 Deficiencies. Vitamin Hormones 2Q: 
443-463, 1 968 

2. W. Sakami and I. Ukstins: Enzymatic Methy- 
lation of Homocysteine by a Synthetic Tetra- 
hydrofolate Derivative. J. Bioi. Chem. 236: 
PC 50-51, 1961 

3. E. V. Cox and A. M. White: Methylmalonic 
Acid Excretion: An Index of Vitamin B ;^2 
Deficiency. Lancet II: 853-856, 1962 

4. V. Herbert and R. Zalusky: Interrelations of 
Vitamin Bj ^2 3 tid Folic Acid Metabolism: 
Folic Acid Clearance Studies. J. din. invest. 
41: 1263-1276, 1962 

5. Folic Acid Metabolism in Vitamin 6^2 De- 
ficiency. Nutrition Reviews 33: 118-120, 
1975 

6 . G. Cardinale, T. J. Carty and R. H. Abeles: 
Effect of Methylmalonyl Coenzyme A, A 
Metabolite which Accumulates in Vitamin 
Bj 2 Deficiency, on Fatty Acid Synthesis. J. 
Bioi. Chem. 245: 3771-3775, 1970 

7. Y. Kishimoto, M. Williams, H. W. Moser, C. 
Hignite and K. Biemann: Branched-Chain and 
Odd-Numbered Fatty Acids and Aldehydes in 
the Nervous System of a Patient with 
Deranged Vitamin 6^2 Metabolism. J. Lipid 
Res. 14: 69-77, 1973 

8 . C. E. Oxnard and W. T. Smith: Neurological 
Degeneration and Reduced Serum Vitamin 
B;^ 2 'bev 6 ls in Captive Monkeys. Nature 
(London) 210: 507-509, 1966 

9. R. C. Siddons: The Experimental Production 
of Vitamin 6^2 Deficiency in the Baboon 
(Pupio cynocephaius) . A 2-Year Study. Brit. 
J. Nutrition 32: 219-228, 1974 

10. J. A. Kark, M. Victor, J. D. Hines and J. W. 
Harris: Nutritional Vitamin 8^2 Deficiency in 
Rhesus Monkeys. Am. J. din. Nutrition 27: 
470-478, 1974 

11. R. Green, S. V. van Tonder, G. J. Oettle, G. 
Cole and J. Metz: Neurological Changes in 
Fruit Bats Deficient in Vitamin Nature 
254: 148-150, 1975 

12. F. W. Barley, G. H. Sato and R. H. Abeles: An 
Effect of Vitamin Bj ^2 Deficiency in Tissue 
Culture. J. Bioi. Chem. 247: 4270-4276, 1972 


NUTRITION REVIEWS/VOL 33, NO. 7 / JULY 1975 219 





FDA Proposals Regarding Vitamin and Mineral Products 


The Food and Drug Administration re- 
cently proposed to revise its 1973 regula- 
tions governing the formulation and label- 
ing of vitamin and mineral products. Under 
the proposed revision, published in the 
Federal Register of May 28, 1975, high 
potency vitamin or mineral products gen- 
erally recognized as safe and marketed as 
dietary supplements will be classified and 
regulated as food. 

The original regulations had required 
that all preparations providing more than 
150 percent of the United States Recom- 
mended Daily Allowance of any vitamin or 
mineral must be regulated as drugs rather 
than as food. FDA took the position that 
vitamins and minerals at doses higher than 
150 percent of the U.S. RDA might be 
appropriate for treating vitamin-mineral 
deficiencies or for other therapeutic pur- 
poses, but were beyond reasonable limits of 
usefulness as dietary supplements for 
healthy individuals. 

The U.S. Court of Appeals in New York 
City subsequently ruled that those high 
potency vitamins and minerals which are 
generally recognized as safe for consumer 
use, and for which no therapeutic benefits 
are claimed, could not be defined by FDA 
as drugs on the basis of potency alone. It, 


therefore, directed the FDA to seek 
another approach to the regulation of such 
preparations. The Court did not contest 
and FDA has not changed its basic require- 
ment that any vitamin or mineral product 
for which any therapeutic claim is made 
shall be deemed a drug. 

The proposal includes the following: 

(1) The FDA will permit the sale of 
dietary supplements consisting of a single 
vitamin or mineral at any potency generally 
recognized as safe. The earlier regulations 
had generally limited the potency of such 
products to 150 percent of the U.S. RDA. 

(2) The FDA will consider applications 
for the marketing of combinations of 
vitamins and minerals which differ from 
those already permitted by the Agency. 
Combination products presently permitted 
are those which contain: vitamins only, 
minerals only, vitamins and minerals in 
combination, or vitamins plus iron. All 
vitamins and minerals in this context refer 
to the 19 essential nutrients for which U.S. 
RDA's have been established. 

(3) The FDA will reopen the vitamin- 
mineral hearing to permit examination of 
one witness on the development of the U.S. 
RDA system. 


The National Advisory Committee on 
Hyperkinesis and Food Additives 


Aware of the anxiety created by the pub- 
licized hypothesis advanced by Dr. Ben F. 
Feingold in 1973 implicating many widely 
distributed or highly nutritious food-stuffs 
and undesignated food additives as poten- 
tial factors in hyperkinesis. The Nutrition 
Foundation has supported a responsible, 
critical review by a competent group of 
expert medical and behavioral scientists of 
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evidence relative to this hypothesis. The 
scientists who comprised the review com- 
mittee were selected and identified by the 
offices of major scientific and medical or- 
ganizations: American Medical Associa- 
tion's Council on Foods and Nutrition; 
American Psychiatric Association; Ameri- 
can Association of Child Psychiatry; So- 
ciety of Toxicology; Council for Excep- 





tional Children; American Alliance for 
Health, Physical Education; Institute of 
Food Technologists; American Society for 
Clinical Nutrition; American Dietetic As- 
sociation; The National Nutrition Con- 
sortium; Life Sciences Research Office of 
the Federation of American Societies for 
Experimental Biology; Committee on 
Nutrition of the American Academy of 
Pediatrics; and the Food and Nutrition 
Board of the National Academy of Scien- 
ces. 

The Committee was charged with the 
responsibility to (a) review critically and 
objectively the nature of evidence relative 
to the hypothesized relationship, (b) 
recommend whether additional investiga- 
tions were justified or desirable, and, if so, 
(c) provide guidelines for the experimental 
design of appropriate studies which would 
result in obtaining valid data upon which 
conclusions might be formulated. The 
background of the committee is such as to 
provide valuable guidance in' assessing evi- 


dence and design of any subsequently pro- 
jected clinical and experimental investiga- 
tions of the postulated relationship be- 
tween hyperkinesis and food. 

Dr. Morris Lipton, Professor of Psychi- 
atry, University of North Carolina and a 
member of the American Psychiatric As- 
sociation is Chairman of the Committee. 

The Committee concludes that data 
from critically designed and executed 
studies, free of the deficiencies of design, 
must be available before firm conclusions 
can be reached on the Feingold hypothesis. 
Accordingly, the Committee has considered 
at length the experimental design character- 
istics necessary to obtain definitive, inter- 
pretable data which may permit a decisive 
interpretation. 

Copies of the 20 page report are avail- 
able from; 

The Nutrition Foundation 
Office of Education and Public Affairs 
888 Seventeenth Street, N.W. 
Washington, D.C. 20006 


Anticonvulsant Drugs and Calcium Metabolism 


Recent studies indicate that vitamin D 
(calciferol) must undergo two enzymatic 
hydroxylations before it can function at 
target cells. Thus, calciferol is transported 
from the skin or gastrointestinal tract to 
the liver, where it is converted to 25-hydro- 
xycalciferol. After hydroxylation by the 
liver, 25-hydroxycalciferol is transported to 
the kidneys, where it undergoes a second 
hydroxylation to 1,25-dihydroxycalciferol, 
which is currently thought to be the final 
active metabolite of vitamin D. Current 
evidence suggests that anticonvulsant drugs 
may disrupt this normal sequence by in- 
ducing hepatic enzymes that increase the 
catabolism of vitamin D and its biologically 
active products. 

Although anticonvulsant drugs have been 
widely prescribed for many years, their 


Reprinted from the New England Journal of Medicine 
292 : 587 - 588 , 1975 . 


adverse effect on vitamin D metabolism 
was not suspected until the late 1960's, 
when reports from Germany implicated 
these agents in the development of bio- 
chemical and radiologic signs of rickets.^ 
Subsequent reports confirmed these initial 
observations. Thus, several surveys of large 
groups of epileptic patients receiving anti- 
convulsant medications revealed a 10 to 30 
per cent frequency of depressed serum cal- 
cium and elevated serum alkaline phos- 
phatase concentrations.^'® In most patients 
the biochemical abnormalities were mild 
and subclinical, but there are several re- 
ported cases of overt rickets and osteo- 
malacia attributable to anticonvulsant 
drugs. 

Because most of the surveys were con- 
ducted on institutionalized populations, it 
was thought that the alterations of calcium 
and bone metabolism might, in part, be 
related to lack of sunlight exposure, in- 
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sufficient physical activity or suboptimal 
dietary vitamin D. The observations of 
Lifshitz and Maclaren are pertinent in this 
regard.® In their study of institu- 
tionalized, mentally retarded children re- 
ceiving anticonvulsant medications and 800 
to 1200 ID of vitamin D per day, bio- 
chemical and roentgenologic evidence of 
rickets was found only in non-ambulatory 
patients who were confined indoors and in 
whom chronic recurrent infections were 
common. Moreover, Richens and Rowe, in 
studies of patients receiving anticonvulsant 
drugs at a residential center, found that low 
serum calcium levels were much more pre- 
valent in patients who worked indoors than 
in those engaged in outdoor work.® Obser- 
vations of this nature, and the fact that two 
reported studies of juvenile epileptic out- 
patients are at variance,^ ° have generated 
uncertainty regarding the susceptibility of 
non-institutionalized children to anticon- 
vulsant-induced abnormalities of calcium 
metabolism. 

The study of Hahn et al* reported in this 
issue of the Journal is timely and demon- 
strates that in ambulatory outpatient juve- 
nile epileptic patients, chronic treatment 
with phenobarbital or diphenylhydantoin 
(or both) is associated with a significant 
reduction in bone mass as measured by 
photon absorptiometry, as well as with 
significant reductions in serum 25-hydro- 
xycalciferol and serum calcium. The 
vitamin D intake of these children was 
adequate by current standards and averaged 
3500 to 3860 ID per week. From a prac- 
tical standpoint it is of interest that there 
were no significant alterations in the serum 
phosphorus and that the differences be- 
tween the mean serum calcium in the con- 
trol and in the anticonvulsant-treated 
populations, although significant, were 
slight; only two of 50 anticonvulsant- 
treated children had serum calcium levels 
below the normal range. In most clinical 
practices serum 25-hydroxycalciferol assays 
and photon absorptiometry are not avail- 

*New Engl. J. Med. 292: 550-554, 1975 


able, and it might therefore be extremely 
difficult, if not impossible, to diagnose an 
existing altered state of calcium meta- 
bolism in an active and otherwise healthy 
child receiving anticonvulsant medications. 
It seems likely that if the child is receiving 
400 to 600 lU of vitamin D per day and is 
exposed to sunlight, as in the study of 
Hahn et al., there will be no pathologic 
alterations in serum calcium and phos- 
phorus, and standard roentgenographs of 
bone may be normal, whereas serum alka- 
line phosphatase may be mildly to mod- 
erately elevated. A possible exception is the 
anticonvulsant-treated child who, for 
reasons as yet unknown, but perhaps owing 
to individual host susceptibility, presents 
with overt biochemical and radiologic signs 
of rickets. The value of the study of Hahn 
et al. is that, through careful investigation 
and the use of recently developed pro- 
cedures, a disorder of calcium and vitamin 
D metabolism was detected that might not 
be uncovered with the diagnostic tools 
available in most clinical settings. An 
equally careful study to determine whether 
the decrease in bone mass in anticon- 
vulsant-treated children is associated with 
alterations of linear growth would be of 
interest. 

Hahn et al. point out that a combination 
of drug therapy (phenobarbital and di- 
phenylhydantoin) was associated with the 
most marked alterations in serum calcium, 
serum 25-hydroxycalciferol and bone mass, 
and suggest that the vitamin D intake in 
these children should be increased to at 
least 10,000 ID per week. Although an 
increase in vitamin D supplementation 
seems reasonable, further studies and ob- 
servations are needed for better quantifica- 
tion of the vitamin D needs of the children 
receiving anticonvulsant drugs. Any pro- 
phylactic program in which an increase in 
vitamin D is prescribed should be admin- 
istered with caution, and appropriate 
measures taken to avoid vitamin D toxicity. 

The disorder in calcium and vitamin D 
metabolism produced by anticonvulsant 
therapy presents a challenge, since in most 
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patients discontinuation of anticonvulsant 
therapy is medically contraindicated. 
Further work is needed to clarify the role 
of a number of factors in this disorder, in- 
cluding drug dosage, duration of treatment, 
vitamin D intake, sunshine exposure, 
physical activity, parathyroid function, in- 
fections and individual host susceptibili- 
ty. In addition, further studies are required 
to define better the mechanism whereby 
chronic anticonvulsant therapy produces 
abnormalities in vitamin D and calcium 
‘ metabolism. As more knowledge is ac- 

f quired, a better guide to prophylaxis and 

j therapy with vitamin D or its metabolites 

! should emerge. 

I Constantine S. Anast, M.D. 

University of Missouri 
Medical Center 
Columbia, Missouri 65201 
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Meeting Announcement 

A three-day international symposium on 
NUTRITION AND DRUG INTERRELA- 
TIONS, sponsored by the Nutrition 
Foundation and the Iowa State University 
Nutrition Sciences Council, will be held on 
August 4-6, 1976 at Iowa State University. 
Major topics will be I. Drug Effects on 
Nutrient Intake, Function, and Require- 
ment, II. Nutritional Effects on Drug 
Metabolism and Action, ill. Drugs in Foods 
and Feeds, and IV. Nutrients and Foods as 
Drugs. For further information write Dr. 
John N. Hathcock, Department of Food 
and Nutrition, Iowa State University, 
Ames, Iowa 50010. 
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P Nutrition Foundation monograph 


For physicians, nutritionists, public 
health practitioners, social workers, 
and medical students. 


Covers all aspects of protein-calorie 
malnutrition (PCM), from molecu- 
lar biology to epidemiology and 
prevention. 

467 pages, $29.50. Order from: 
Academic Press, 1 1 1 Fifth Avenue, 
New York, New York 10003 
or your book supplier. 
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by William J. Darby, M.D., Ph.D. 


I propose to address four questions; 

What is the nature of the World Food 
Crisis? 

What was the World Food Conference in 
Rome, 5-15 November 1974? 

What were its accomplishments? 

What guidelines are there for determin- 
ing priorities relative to meeting world 
food needs? 

Several colleagues associated with The 
Nutrition Foundation participated in the 
World Food Conference. They included 
trustees of the Foundation: Dr. J. George 
Flarrar; Mr. Henry J. Heinz II; Mr. J. E. 
Lonning; Rev. Theodore M. Hesburgh; The 
Nutrition Foundation's Senior Scholar, Dr. 
Samuel E. Stumpf; a member of the Food 
and Nutrition Liaison Committee, Dr. John 
Luck. I attended as a representative of the 
Non-Government Organizations (NGO). 
This summary draws heavily upon the re- 
sources of my colleagues. My selection of 
impressions and interpretations are not to 
be construed as necessarily representative 
of the views of this group of distinguished 
colleagues, however. 


Dr. Darby is President of The Nutrition Founda- 
tion, inc. This paper was presented at the Western 
Regionai Conference on Higher Education for 
Fuibright-Hays Schoiars at the University of 
Arizona, Tucson, Arizona on May 28, 1975. 

A limited number of reprints of this article may be ob- 
tained from The Nutrition Foundation, 888 Seventeenth 
Street, N.W., Washington, D.C. 20006. THERE ARE NO 
REPRINTS OF UNSIGNED REVIEWS. 


The Nature of the World Food Crisis 

To the question, "Is there a world food 
crisis?" my reply is "yes." It has two 
dimensions. First, and most apparent, the 
dimension of famine— famine being an 
"extreme and general shortage of food 
causing distress and death from starvation 
among the population of a district or a 
country."^ One needs only to reflect on 
recent events in Bangladesh, the Sahel and 
in Ethiopia to identify the famine dimen- 
sion of the crisis. 

Famine, its causes— drought, flood, de- 
struction of a staple crop by microscopic 
parasite, invasion by locusts, consequences 
of war and civil disturbances, ill-conceived 
governmental action (e.g., Soviet collective 
farms)— and its avoidance are the subject of 
an authoritative book,’- "The Conquest of 
Famine," by W. R. Aykroyd. This book, 
recently published by The Reader's Digest 
Press, and its author are the first recipients 
of the Nutrition Foundations' Book Award 
and provides strong documentation of the 
recurrence of such famines throughout 
history. 

The second dimension of the world food 
crisis is that of the "impending" or 
temporarily averted general world food 
crisis resulting from the increasing disparity 
between population numbers and food 
production. The lack of balance between 
supplies and needs and the potential for 
fulfilling the needs were succinctly stated 
by Dr. George Harrar in his 1974 W. 0. 
Atwater Lecture:^ 

Unfortunately, the world is substantially 

out of balance with respect to the produc- 
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tion and distribution of needed food 
supplies. It has long been recognized that 
there are many agrarian nations whose 
production levels are low and who regularly 
fail to satisfy their basic food requirements. 
Most successful agriculture is practiced in 
temperate climates, where soils are fertile, 
rainfall adequate and growing conditions, in 
general, favorable. Where the climate is 
harsh, water scarce, soils infertile and eco- 
nomic resources limited, agriculture tends to 
become a subsistence phenomenon. 

Where there are complications caused by 
periodic floods, droughts or other natural 
disasters, the situation worsens. The Third 
World has long experienced the effects of an 
imperfect system of agricultural production 
and a long-term lag in economic develop- 
ment. Where this situation is compounded 
by explosive population growth, standards 
of living and the quality of life are woefully 
inadequate . . . 

Presently, we are faced with new 
dilemmas, in combination with old ones. 
The agricultural industry is under increasing 
pressure to feed our present population plus 
those (200,000) who join the society every 
day. In a situation of energy crisis the 
problem becomes increasingly difficult and 
complicated, since agriculture basically 
depends to a very considerable degree on 
available energy. Adequate fertilizer, ma- 
chinery, water systems and electrical power 
sources in concert make it possible to in- 
crease efficiency of agriculture with re- 
sultant production benefits. If one or more 
of those elements are subtracted from the 
system, reduction in the total food supply is 
an inevitable accompaniment. The lack of 
long-range and forward planning, the in- 
ability of nations to act in concert for the 
common good, instability of governments 
and the totally inadequate emphasis on food 
production has brought us to our present 
crisis now being exacerbated by energy con- 
straints . . . 

Fortunately, there is an enormous body 
of available information, a vast technology, 
improved biological materials, and an ever- 
growing cadre of qualified individuals who 
could give meaning and leadership to any 
national agricultural development plan. If 
each nation participates in a global effort to 
bring about the maximum efficient utiliza- 
tion of its agricultural and human resources 
for the production of food and agricultural 

226 NUTRITION REVIEWS I VOL 33, NO. 8 / AUGUST 1975 


commodities, then it becomes possible to 
greatly increase total figures worldwide and 
to plan a system in which food production 
and distribution can be in harmony with 
human needs without the convulsions of 
crisis . . . 

We can have a green revolution world- 
wide. Many of those who have written on 
this subject seemed to have failed to under- 
stand its true origins, meaning, and implica- 
tion for the future. In fact, the Green Revo- 
lution, where it has been applied, has been a 
dramatic demonstration of the potential of 
combining all the elements of an efficient 
agricultural production system and trans- 
lating them into greatly increased produc- 
tion figures. It has clearly demonstrated the 
fallacy of some of the earlier claims that 
many countries are doomed to hunger, dis- 
advantage, and misery on a continuing basis 
because they are incapable of improving 
their most fundamental requirement, that of 
an adequate food supply and a proper 
human diet. The success of the Green Revo- 
lution could be repeated again throughout 
much of the world where both the need and 
the opportunity exist to apply its principles 
and practices. 

It is reasonable to conclude that no 
country has maxinnally utilized all of the 
potential applications to food of the new 
technology. But it is apparent that the 
abundance of food and freedom from want 
are greatest in those countries where scien- 
tific technology has been most intensively 
developed and applied. 

The Benefits of Technology 

The impacts of this application of 
science are reflected in measurable indices 
of health. For example, in the United 
States the industrialization of food produc- 
tion at all levels— with concomitant aware- 
ness of nutritional needs and safety— has 
been accompanied by a virtual disappear- 
ance within this century of the classical 
deficiency diseases: pellagra, scurvy, 
rickets, endemic goiter, protein deficiency. 
Infant mortality, a widely employed index 
of nutritional health of a nation, reached 
an all time low in the U.S. in 1974. By 
contrast, in many regions where food 
production and distribution systems are 





primitive, famine recurrently strikes and 
high death and morbidity rates continue 
because of pellagra, iodine deficiency 
goiter, beriberi, protein-calorie malnutri- 
tion, folic acid or iron deficiency anemia, 
ariboflavinosis, and vitamin A deficiency 
and resultant blindness. These exist in con- 
cert with severe and deadly food-borne 
infections— diarrheal diseases of the young 
child, enteric infestations, febrile illnesses 
and acute intoxications. It is commonplace 
for half of the children born to fail to sur- 
vive until five years of age. All of these are 
indices of poor food and water sanitation 
and contributors to undernutrition and its 
sequelae. 

Other health changes, the so-called 
diseases of the affluent society, may 
accompany industrialization. But these are 
not primarily due to alteration in food 
patterns. They reflect the profound differ- 
ences in life styles between the rural non- 
industrialized society and the urbanized 
industrial complex and, in part, the in- 
creased survival time and longevity that re- 
sults from scientific development. People 
live long enough to develop the diseases of 
the older adult. None of these diseases, 
however, are strangers to societies that are 
scientifically untouched. They occur, 
usually among the affluent elite, but are 
not major causes of illness or death in the 
total population. Modern application of 
scientific knowledge of health and food 
sciences and proper recognition of nutri- 
tional needs can reduce the toll of these 
diseases in developed regions. 

During the earlier development of in- 
dustrialized food systems some deficiency 
states arose, but these do not occur in the 
technologically developed countries in 
modern times because of the awareness of 
nutrition requirements and the nutritional 
quality of foods. Indeed, the utilization of 
new technology often conserves or en- 
hances nutrient content of foods, as well as 
increasing production and availability. It is 
worthy of noting also that the proper use 
of chemicals in food production and 
processing has not resulted in chronic 


injury of the consumer— an anxiety ex- 
pressed by many. 

The economic impact of technologic 
development is of great concern to govern- 
mental planners. One index of the eco- 
nomic impact is the expenditure for food 
expressed as percent of income. In a cash 
society this index reflects the relatively 
greater riches— riches available for en- 
hancing the quality of life. In highly in- 
dustrialized countries of North America 
and parts of Western Europe, 16 to 22 per- 
cent of income is expended on food. At the 
same time, nutritional deficiencies are 
notably milder and less prevalent than in 
areas with less industrialized production of 
food where 44 to 80% of income is spent for 
this commodity. Not only is food relatively 
cheaper in industrially developed countries 
but often is cheaper in absolute cost. Appli- 
cation of science frequently makes a 
commodity abundantly available at a 
cheaper price, as exemplified by the de- 
creased retail cost of both turkey and 
chicken in the United States within the last 
two decades. 

Improved methods of preservation and 
distribution erase seasonal limits of avail- 
ability of perishable foods and remove such 
foodstuffs from classification as "seasonal 
delicacies." Quality standardization mini- 
mizes variation in taste. The resultant 
psychologic and sensory reactions may 
reduce the special appeal of a previously 
rare or exotic food when it becomes com- 
monplace, a reaction that is sometimes 
misinterpreted by the consumer as an al- 
teration in nutritive value. Contrariwise, 
nutritional values may be better preserved 
by such processing than they are in un- 
processed or home-processed foods. The 
products are more sanitary. 

There often is failure on the part of 
national planners, and especially econo- 
mists, to recognize the enhancement of the 
quality of life through improved health and 
economic savings that accrue from tech- 
nology. But such economic advantages of 
the future may differ from those of the 
past. They will be determined in part by 
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the priorities and standards that society 
sets for political considerations, for educa- 
tional opportunities, for health, for en- 
vironmental considerations— e.g., for waste 
disposal, for elimination of useful agents 
that may have some environmental 
impact— for eliminating want, disease and 
human wastage and for limiting man's 
seemingly infinite potential for procrea- 
tion. With these concepts in mind, let us 
turn to the World Food Conference. 

The World Food Conference 

The World Food Conference in Rome 
was proposed by the U.S. Secretary of 
State^ and called by the Director-General 
of FAO. Preceding the Conference there 
was much work on the part of Preparatory 
Committees, a series of reports on each 
agenda item, including an "Assessment of 
the World Food Situation'"^ and "Pro- 
posals for National and International 
Action Relative to the World Food Prob- 
lem."^ 

The "Rome Forum" 

The day preceding the opening of the 
Conference, a group of 25 public figures 
from 16 countries convened under the 
Chairmanship of Lady Barbara Ward 
Jackson at the call of the Secretary-General 
of the Conference. 

This "Rome Forum" noted:^ 

World food output has sharply declined; 

Grain stocks have fallen and prices have 
trebled in an uncontrollable market; 

There is a sharply increased use of grain for 
animal products consumed in affluent 
societies; 

It is on the poor with annual per capita in- 
come of less than $200 that the impact falls 
most grievously. 

The Forum urged:® 

Establishment of an early warning system to 
predict shortfalls, malnutrition, etc.; 

A special investment effort in agriculture of 
$18-20 billion per year; 

That '^old" and ^'new" rich (OPEC) coun- 
tries join with developing peoples to agree 
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upon accelerating investment programs in 
agriculture, bringing together wealth and 
managerial skills of developed countries, the 
investment funds of the wealthiest oil 
producers and the needs and potential of the 
poorest countries. 

The Forum emphasized:® 

That the chief hope for sustained and 
reliable food supply lies in maximum self 
development of food production by develop- 
ing peoples. 

The Forum ranked: 

As first priority to ensure that the bene- 
fits of modern agricultural technology- 
improved seed, fertilizer, water supplies, 
appropriate use of machinery, better storage 
and marketing facilities— are extended to the 
whole farming community and not en- 
grossed simply by those farmers who have 
the resources to employ the new means or 
who enjoy access to areas of assured irriga- 
tion. 

As second priority to integrate a new 
environmental dimension into farm 
practices. Agricultural Investment therefore 
should be designed to fit within a rational 
pattern of land use directed to these 
purposes. 

And as third priority to accompany In- 
creased agricultural investment with a really 
large devotion of new resources to research 
into the nature of local eco-systems, the 
possibilities of greater conservation and 
recycling, new concepts of ''eco- 
development," the scientific improvement of 
local plants, root crops and animals. 

The Forum recognized that variability of 
traditional agricultural systems, as well as 
the new possibilities opening up in agricul- 
tural and nutritional research, stress the 
degree to which education is fundamental 
to progress and reform to the field of agri- 
culture. It also requires the development of 
indigenous scholars and technicians in 
sufficient numbers to maintain the research 
and technical development suited to their 
own country's unique needs.® 

Hence, a further priority was under- 
scored;® 

To combine expanded agricultural and 
educational investment with a wider context 






of modernization— in transport and com- 
munications, in new settlements, in decen- 
tralized industry, in health services, in- 
cluding local centers for family welfare, and 
in planning new determination to mobilize 
the small farm sector. 

It emphasized^ that: 

A first priority is to extend the benefits 
of already available knowledge to the entire 
farming community. 

The World Food Conference and Politics 

Dr. Samuel E. Stumpf, Senior Scholar of 
the Nutrition Foundation, writes of his 
impressions of the World Food Confer- 
ence:^ 

Whenever a group of people as diverse as 
the 2300 delegates from 123 nations come 
together as they did in November at the 
World Food Conference in Rome, the dis- 
cussion inevitably appears complex, con- 
fused and contradictory. Nevertheless, it is 
possible to grasp from the near chaos of the 
proceedings a definite line of thought . . . 

The impulse to convene the Conference 
came from the spectre of starvation, immi- 
nent and growing in breadth and in- 
tensity . . . 

The fact of rapidly growing populations 
all out of proportion to local food supplies 
was cited as a major cause of the crisis. The 
poverty of these populations was a further 
consequence of their growing numbers. 
There could be no solution unless a large 
reduction in population could be achieved. 
But here disagreement developed. Some 
argued that controlling the birth rate was a 
form of personal matter, that this was not an 
acceptable course according to certain 
religious values, or, as in case of Brazil, that 
to increase the size of its population is a 
''natural right" and is, moreover, necessary if 
Brazil is to open presently undeveloped parts 
of its land . . . 

Nothing would seem more simple and 
straightforward than to mobilize food 
supplies and send them to the stricken areas. 
The humanitarian impulse of the "haves" 
was expressed in commitments of food to 
the "have nots" even before the Conference 
was assembled. However, serious questions 
soon arose: was there enough food for every- 
one? Who would contribute the food? Who 
would pay the farmers? Was the era of huge 


food surpluses over? Would the food reach 
the intended targets? . . . 

Many concluded that only through an 
increase in world food production within the 
stricken countries, could the growing crisis 
be managed. Only a program of intensified 
local food production could possibly over- 
come the inherent limitations of outside 
help. Criticism was leveled at suffering 
nations whose values were said to be mis- 
placed by giving priority to industrial de- 
velopment at the expense of agriculture, the 
most dramatic case being a program by India 
to develop an atomic bomb, thereby deflect- 
ing efforts to solve the problem of its food 
supply . . . 

Not only the quantity of food but the 
need for the nutritionally most useful foods 
was stressed . . . 

The conference struggled to find a way to 
achieve the desired objectives of preventing 
starvation, feeding the hungry and providing 
proper nutrition. In the debates, one could 
sense the cross currents of views and emo- 
tions generated by a series of charges and 
counter-charges ... It became obvious again 
that the most promising and indeed indis- 
pensible route would be to increase ,the 
production of the world food supply. 

How can a poor nation break the bonds 
of poverty and develop a momentum that 
will breathe life into a stagnant economy? 
The key word at the Conference was "in- 
centive." What incentives are available to the 
underdeveloped peoples? Secretary Butz 
listed the American farmer's incentives as 
profit, desire to own his own home, educate 
his children, and pride . . . The block of 
underdeveloped nations banded together to 
fashion a policy which in their judgment 
would provide the stimulus for a heightened 
effort on their part to increase their agricul- 
ture . . . 

The policy they proposed to the Con- 
ference would assure them trade preferences 
in the markets of developed countries at 
pegged international commodity prices. 
Also, they called for the indexing of the 
prices of their exports to overcome the 
effects of Western inflation. Should the 
developing countries aspire to increase their 
food production by adopting Western style 
methods? Some argued that to move in this 
direction would require accepting other 
Western values which they did not wish to 
adopt. An alternative was offered by China 
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where a decentralized communal system of 
production provides food for its vast popula- 
tion with relatively little dependence upon 
food imports. 

But the Chinese method exacts its own 
price, particularly in the realm of freedom. 

To achieve the level of production re- 
quired to solve the world food problem 
assumes that resources would be available to 
the developing countries, such resources as 
technical personnel, sources of energy, ferti- 
lizers, insecticides and other means for im- 
plementing the formulae of the green revo- 
lution. Above ail, there is a need for invest- 
ment capital, financial support for this 
program. The Conference clearly highlighted 
a new fact in the world, which is the 
enormous shift of wealth, from the indus- 
trial nations to the oil producing powers . . . 
Even Cuba's Dr. Rodriguez said in his 
plenary speech that ''oil grants rights . . . 
but also it bestows responsibilities..." 
These concerns generated the most charac- 
teristic feature of the Conference, namely, 
the intense political activity of the con- 
tending parties. 

Clearly, "politics" was the name of the 
game at the Conference . . . One nation after 
another accused the United States, along 
with a few other large countries of being 
virtually responsible for the plight of the 
stricken nations. A typical form of criticism 
came from the Chinese delegate who charged 
that the "difficulties of the developing 
countries were due historically to the 
plunder and control by colonialism and 
imperialism of the super powers who had 
forced a one sided single-product economy 
and extorted super profits". The "Group of 
77," composed of 77 small, new, emerging 
and underdeveloped countries ("our group 
has all experienced exploitation of one sort 
or another") became an unofficial coalition 
seeking to influence the actions of the 
Conference. Another considerable contribu- 
tion was made by a large non-voting group 
called NGO's (non-governmental organiza- 
tions). They provided a daily platform for 
organizations from all parts of the world 
with an interest and special competence in 
the world food problem . . . 

The political posture of the Conference 
was evident from the first day when a scram- 
ble for the offices of 17 vice presidents and 
even an associate "rapporteur" produced a 
hotly contested campaign and an em- 
barrassing delay . . . 


Pressure was exerted for the United 
States to send additional emergency food 
supplies. Within the U.S. group there were 
differences on this matter, with Secretary 
Butz feeling that sufficient commitments by 
the United States were already in the works 
and that others should also come forward. 

At the urging of Senators Hubert Humphrey, 
George McGovern and Dick Clark, a cable 
was sent by Secretary Butz asking President 
Ford to provide these additional supplies, a 
request the President rejected . . . 

In spite of the grim subject, the proceed- 
ings produced some humor, as when an early 
draft of a document urged the nations to 
"sustain expansion of food production and 
to improve the consumption of under- 
nourished people. 

Results of the Conference 

Mr. J. E. Lonning, Chief Executive 
Officer of Kellogg Company, and a member 
of the U.S. Delegation states:® 

The World Food Conference must be 
viewed as a success in that it represented an 
opening dialogue. Without such collective 
action future solutions to the problem of 
world hunger would not be possible. 

This occurred, he notes, in spite of the 
surprising and frustrating involvement of 
international politics in such a basic 
humanitarian endeavor as trying to find 
ways to feed starving people . . . politics 
that slowed, and at times stymied, progress 
on issues. Fleartening is his praise of the 
professional caliber and selfless dedication 
of all of the government employees in the 
U.S. delegation, and his comment that ''we 
can take heart that, in some areas at least, 
we are well served by the employees of the 
government." 

The U. S. position set forth 
by Secretary Kissinger® (in his opening 
address) is based on maximum food pro- 
duction with farmer incentives as its cor- 
nerstone. In defining the U.S. position, it 
was obviously important to limit commit- 
ments to what we can realistically do and 
then do everything possible to fulfill our 
promises . . . keeping in proper perspective 
our international role and national goals. 

Mr. Lonning® realistically notes that the 
U.S. involvements should be "within a do- 
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able time frame, perhaps as much as a 
quarter of a century, as Secretary Kissinger 
suggested in his keynote address to the con- 
^ ference. This, of course, means nothing to 

' the millions of people who are starving 

right now, so we must do all that we can to 
help these people immediately. But, we 
must realize that with all the heart in the 
world we cannot solve world hunger over- 
night, nor can we solve it by ourselves." 

Immediately following the Conference, 
the U.S. Department of Agriculture sum- 
marized® actions of "The World Food Con- 
^ ference in Brief": 

Food Production: 

The Conference agreed that increased 
food production is essential in both de- 
veloped and developing areas. In the case of 
many developing countries, a reordering of 
programs, priorities, and farmer incentives is 
required to stimulate production. The Con- 
ference also recognized that additional funds 
will be required to help developing countries 
increase production. In this connection, the 
United States has supported the creation of 
a voluntary fund. In Rome, the OPEC coun- 
tries recommended establishment of such a 
fund. General approval was expressed at the 
Conference, and follow-up work by the UN 
will include this proposal. No specific dollar 
amounts were proposed. In addition, a num- 
ber of resolutions were passed to improve 
nutrition programs, child feeding, fertilizer 
development, and to increase the participa- 
tion of women in solving world food prob- 
f lems. 

Food Aid: 

The Conference recommended that food 
aid donor countries make all efforts, be- 
ginning in 1975, to provide commodities 
and/or financial assistance to ensure at least 
10 million tons of grain per year as food aid. 
The Conference recommended that grain ex- 
porting and importing countries, as well as 
present and potential financial contributors 
meet as soon as possible on immediate food 
problems . . . 

World Food Security: 

The Conference endorsed the FAO under- 
taking for international cooperation in 
establishing a world network of national 


grain reserves. This would involve adoption 
of general guidelines for national stock- 
holding policies for grains and the use of 
international consultations and exchange of 
information. The Conference gave strong 
endorsement to the proposal that cereal 
producing, consuming, and trading nations 
join together to accelerate implementation 
of such a world reserve system . , . 

Information: 



li'* 


i 


The Conference decided to establish a 
Global Information and Early Warning 
System on Food and Agriculture, described 
by Secretary Butz in his Conference speech 
as ''essential to the whole objective of im- 
proved food security around the world." 
The Conference agreed that FAO is the most 
appropriate organization to supervise this 
system. All governments were invited to 
participate. In the beginning, the system will 
concentrate on basic foods, particularly 
grains. Later, a wide range of commodities 
will be included. 

Trade: 

The Conference stressed the need for 
eliminating trade barriers, utilizing the Multi- 
lateral Trade Negotiations under the General 
Agreement on Tariffs and Trade (GATT), as 
agreed to in the Tokyo Declaration. 

World Food Council: 

The Conference approved establishment 
of a World Food Council, an organization to 
have coordinating, consultative and advisory 
powers with respect to food aid, investment, 
and other foreign assistance . . . 



The Provisional Report of the Confer- 
ence^ ° contains a number of important 
recommendations concerning policies and 
programs to improve nutrition (Resolution 
V). Among these are recommendations 
that: 


il 



Governments include nutrition education 
in the curricula for educational programmes 
at all levels and that all concerned in the 
fields of agriculture, health and general edu- 
cation be appropriately trained to enable 
them to further the nutrition education of 
the public within their domains. 

Governments should explore the desira- 
bility and feasibility of meeting nutrient 
deficiencies through fortification of staples 
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or other widely consumed foods, with amino 
acids, protein concentrates, vitamins and 
minerals, and that, with the assistance of 
WHO in cooperation with other organiza- 
tions concerned, should establish a world- 
wide control programme aimed at sub- 
stantially reducing deficiencies of vitamin A, 
iodine, iron/folate, vitamin D, riboflavine, 
and thiamine as quickly as possible. 

FAO in association with other interna- 
tional and non-governmental organizations 
concerned, undertake an inventory of vege- 
table food resources other than cereals, such 
as roots, tubers, legumes, vegetables and 
fruits, including also those from unconven- 
tional sources, and that it studies the possi- 
bility of increasing their production and 
consumption, particularly in countries where 
malnutrition prevails. 

Governments take action to strengthen 
and modernize consumer education services, 
food legislation and food control pro- 
grammes and the relevant aspects of market- 
ing practices, aiming at the protection of the 
consumer (avoiding false and misleading 
information from mass media and com- 
mercial fraud), and that they increase their 
support of the Codex Alimentarius Com- 
mission. 

That the joint FAO/WHO food contami- 
nation monitoring programme, in coopera- 
tion with UNEP, be further developed in 
order to provide early information to the 
national authorities for appropriate action. 

That a global nutrition surveillance 
system be established by FAO, WHO, and 
UNICEF to monitor the food and nutrition 
conditions of the disadvantaged groups of 
the population at risk, and to provide a 
method of rapid and permanent assessment 
of all factors which influence food consump- 
tion patterns and nutritional status. 

That governments consider establishing 
facilities and funds for applied nutrition 
research related to economic, cultural, social 
and medical aspects of production, process- 
ing, preservation, storage, distribution and 
utilization of food and that FAO, WHO and 
UNICEF arrange for an internationally 
coordinated programme in applied nutri- 
tional research including establishing 
priorities, identifying appropriate research 
centers and generating the necessary fund- 
ings. 

That governments should associate, 
wherever practicable, non-governmental 


organizations whose programmes include 
nutrition-related activities, with their nutri- 
tional efforts, particularly in the areas of 
food and nutrition programmes, nutrition 
education and feeding programmes for the 
most vulnerable groups. 

Toward these objectives The Nutrition 
Foundation, in consort with colleagues in 
Sweden and Britain, has prepared and is 
publishing^ ^ ''Proposed Nutritional Guide- 
lines for the Use of Industrially Produced 
Nutrients." Guidelines, internationally 
applicable, will aid in the proper develop- 
ment and adoption of such technologic 
innovations as called for by the proceeding 
recommendation. Recognition of common 
principles and guidelines can promote inter- 
national agreement and minimize trade 
restrictions. 

Furthermore, The Nutrition Foundation 
is cooperating with WHO, USAID, and The 
American Foundation for the Overseas 
Blind in finalizing a document on control 
of avitaminosis A and xerophthalmia, a 
report which stems from a meeting held at 
Djakarta in December, 1974, and is pre- 
paring and distributing appropriate educa- 
tional material on this subject for health 
workers. UNICEF and AFOB are assisting 
with the latter. 

Such collaborative associations of gov- 
ernmental and non-governmental organiza- 
tions can facilitate attainment of the goals 
of the World Food Conference. 

I believe that the thesis of this new 
dialogue of nations opens an era of wide- 
spread realistic assessment of the dimen- 
sions of the World Food Crisis and a be- 
ginning reapportionment of the responsi- 
bilities for measures required to solve or 
adjust to the problems. The Conference has 
initiated communication between 
politicians, planners, economists, nutri- 
tionists, and others which can expect to 
continue. It is a step toward recognizing 
the "nutrition realities in the lower income 
countries" called for by Lyle Schertz^^ 
who described the greatest reality as 
"simply the lack of communication be- 
tween nutritionists and economists" ... to 
which list I would add politicians and 
planners. 
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The Trust of the Future 

As to the future outlook, I support the 
view so well stated by Dr. George 
Harrar: 

Relief is not the ultimate reply to 
human distress although there have been and 
will continue to be times and circumstances 
within which programs for the temporary 
relief of human misery will be essential. The 
trust of the future however should be the 
growing application of knowledge and tech- 
nology to social and economic problems in 
order to satisfy universal human needs and 
minimize the negative aspects of the human 
experience. Success in this endeavor man- 
dates collective action in which governments 
and private and public institutions join 
forces in the attack on those problems which 
are the most critical retardants to social 
progress. In the first instance, national gov- 
ernments must evaluate their economies and 
identify their priorities and the programs 
which with adequate support can best bring 
about constructive development . . . 

Recognizing the constructive efforts al- 
ready in progress in the private sector, for 
example the work of the Agribusiness 
Council, Dr. Harrar calls for growing inter- 
action between science and business. He 
emphasizes that: ''private agribusiness 
cannot act in isolation without the cooper- 
ation of government; rather it is essential 
today for both sectors to work in intimate 
association if world food needs are to be 
met." 

And further highlighting crucial needs 
for transfer of agricultural technology to 
underfed, under-productive regions, needs 
repeatedly identified by conferees in 
Rome, he concludes: 

An important constant in the food 
energy complex is the scarcity of fertilizer; a 
key ingredient to the success of the Green 
Revolution. Agribusiness and science have • 
counseled for years the necessity for major 
investments in fertilizer production facilities, 
yet the demand today far exceeds the 
supply. Growing production and a more 
equitable distribution of chemical fertilizers 
is imperative if improvement toward agri- 
cultural independence is to occur. 


There is growing agreement that these 
countries must make an all-out effort 
towards self-sufficiency. This will involve 
national determination, efficient production 
systems, the training of personnel, utiliza- 
tion of existing knowledge, and the develop- 
ment of new technologies and the infra- 
structures which assure optimum produc- 
tion, crop protection, adequate transporta- 
tion, appropriate market facilities and prices, 
and credit. 

The time has passed when countries can 
direct meager resources away from the land 
with the expectation that grain surpluses 
from the United States, Canada, and 
Australia will continue to be available. The 
hope now rests in improving production and 
in utilizing the extensive collection of infor- 
mation, the available vast and flexible tech- 
nology, the improved biological materials 
and a growing body of qualified individuals 
who are competent in the formulation and 
implementation of national agricultural 
development plans. The needs have been 
delineated; now the commitment must be 
made. 

Private enterprise has perhaps never be- 
fore faced a more important test of its 
capacity to deliver in the face of incredible 
problems. 

The penalty of failure is a spectre of 
want, of need and starvation of incon- 
ceivably disastrous proportions. The re- 
wards of success are freedom from hunger 
and realization of world development 
through technologic application of scien- 
tific knowledge . . . realization of those 
goals of science so clearly envisioned by 
Francis Bacon in the 17th century: 

. . . the real and legitimate goal of the 
sciences is the endowment of human life 
with new inventions and riches . . . not to 
make imperfect man perfect but to make 
imperfect man comfortable, happy and 
healthy. 
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HEIGHTS AND WEIGHTS OF CHILDREN IN 
SOUTHERN TUNISIA 


. iS.. . V 


" 1 


Children from the ages of six to 11 years in Southern Tunisia were found to have 
lower weights and heights, than American children of corresponding ages. The growth 
retardation is mainly due to environmental constraints. The interpretation implicating 

genetic attributes is questioned. 


Key Words: height, weight. Southern Tunisia, 
socioeconomic status 

One of the physiological parameters in 
children which shows tangible alterations 
during undernutrition and also after nutri- 
tional rehabilitation, is growth. The growth 
status of children is also generally accepted 
as a good index of the nutritional status of 
a community. As such, availability of 
norms with which the growth rate of a 
group can be compared acquires consider- 
able importance. Generally, data available 
from the United States or from a similarly 
well-developed nation, have been used for 
comparison. Such comparisons, however, 
have been criticized because they did not 
take into account racial and genetic factors. 
Therefore, lately there have been serious 
attempts in various countries to establish 
norms for heights and weights for their 
own children. 

Recently, Lowenstein and O'Connell^ 
measured the heights and weights of 205 
boys between the ages of six and 1 1 years 
in six villages in Southern Tunisia. The data 
have been compared with those of children 
from the U.S., Egypt and India. No reasons 
have been given as to why the last two 
countries were chosen. One may venture to 
guess, however, that Egypt had been 
chosen because of its agroclimatic and pos- 
sible racial similarities with Southern 
Tunisia. India, on the other hand, is 
another developing country with many 
nutritional problems where substantial data 
are available for comparison. 

The study reveals the obvious, namely 
the three developing countries lag behind 


the U.S., both in height and weight of 
children. Furthermore, the workers ob- 
served that children from India have lower j 
heights and weights than do their counter- 
parts from the two North African coun- 
tries. The authors chose not to comment 
on the probable reasons for this. Before 
considering this to be a true difference, it is 
well to remember one of the major draw- | 
backs of such surveys in the developing 
world. In most of these countries the i 
assessment of the exact age of the child is a 
difficult task.^ The authors have not men- j 
tioned how the ages of their subjects were 
assessed. Differences and difficulties in age i 
assessment could have partly contributed 
to these apparent differences. 

Another point open to question in the 
study is the one pertaining to the children 
from high socioeconomic groups. They also 
had heights and weights lower than the 
American children. The authors argue that 
these differences may be ascribed to true 
genetic attributes. There are no well- I 
defined yardsticks by which socioeconomic | 
classes can be defined. The grading has to 
take not only the per capita income into 
account, but also the cost of living in the 
country and the value of the local cur- 
rency. While the high socioeconomic classes 
may no doubt be better off than the lower 
ones in the same country, they may not 
necessarily be comparable to the U.S. 
group used as the reference. Studies from 
India^ showed, on the other hand, that the 
growth rate of children from the privileged 
classes is very similar to that of American 
children. Although what is true of one 
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country need not be so of another, caution 
is needed in the interpretation of such 
observations. By ascribing the differences 
to genetic and racial factors, programs 
designed to improve the nutritional status 
may unfortunately be denied to these 
children. 

The measurements of children belonging 
to the high socioeconomic group were in 
between those of the American and lower 
socioeconomic groups. The differences 
between children of the two socioeconomic 
classes could be attributed only to environ- 
mental factors. It is now recognized that 
environmental factors are stronger determi- 
nants of growth than are genetic attributes. 
Of the environmental factors, nutrition is 
the single most important determinant. The 
authors consider protein deficiency starting 
in infancy to be the major factor in the 
growth retardation of children in Southern 
Tunisia. Recent studies indicate that calorie 
inadequacy is the main nutritional con- 
straint on the growth of children in the 
developing countries."^ Although one 
need not swing the pendulum to the other 
extreme and decry the undue emphasis on 


protein deficiency,® it is necessary that 
cognizance be taken of current concepts. 
Thus, it is disturbing to note that while the 
authors have discussed protein deficiency 
including an exotic subject such as zinc 
deficiency, they have completely ignored 
the question of calories. □ 
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THE INFLUENCE OF DIETARY FAT ON THE COMPOSITION 
OF THE BODY FAT OF INFANTS 

Comparison of the fatty acid composition of the body fat of British and 
Dutch infants showed that the Dutch infants had a more unsaturated body fat. 


Key Words: body fat, infants, milk formula, un- 
saturated fatty acids 

In nonruminant animals the composition of 
the body fat is profoundly influenced by 
the type of fat in the diet. A relationship 
between the composition of dietary fat and 
the fatty acid composition of adipose tissue 
has been demonstrated in man^ although 
the adipose tissue in adults changes slowly 
in response to changes in the diet.^ In 
young animals where adipose tissue is being 
actively laid down very rapid changes are 
found.® 

Widdowson et al.^ recently described 
some observations which show that in the 


young infant the composition of the body 
fat is profoundly influenced by the type of 
fat being fed to the infant. 

In 1973 a study of the composition of a 
range of infant formulas on sale in Europe 
showed that one proprietary formula, 
which was very popular in the Netherlands, 
had an unusual composition.® In the 
preparation in question the fat was maize 
oil with its characteristically high content 
of linoleic acid and other polyunsaturated 
fatty acids. In this preparation the linoleic 
acid provided over half of the total fatty 
acids compared with 2 percent in a cows' 
milk formula and about 9 percent in breast 
milk. 
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Samples of adipose tissue were ob- 
tained from 41 British and 37 Dutch 
infants. The tissue was obtained at surgery 
or by needle biopsy from most of the 
British subjects. In addition, adipose tissue 
from three anatomical sites was taken from 
15 infants who had died. The fatty acid 
composition of the fats from the different 
sites was similar and the results from the 
three sites were combined. The samples 
from the Dutch infants were all taken by 
needle biopsy. The ages of the infants pro- 
viding the samples of adipose tissue ranged 
from birth to one year of age. 

Adipose tissue samples were taken at 
birth from 14 British and 12 Dutch infants. 
Between birth and six months of age, 20 
British and 19 Dutch infants provided the 
samples. Two of the British infants in this 
group were breast fed; the remaining 
infants were receiving a cows' milk 
formula. The Dutch infants all received the 
proprietary formula containing maize oil. 
Seven British infants were sampled between 
six and 12 months of age when they were 
having mixed food, whereas two of the six 
Dutch infants in this age group were still 
being fed the formula. 

The fat from the adipose tissue samples 
was extracted and its fatty acid composi- 
tion measured by gas liquid chroma- 
tography. Blood was also taken from the 
Dutch babies for cholesterol determina- 
tions. 

The percent of linoleic acid in the fat 
from the Dutch babies rose rapidly during 
the first few weeks of life. After two weeks 
the percent was between 10 and 20, by 
four weeks it was 25 percent and by 16 
weeks it was 32 to 37 percent. In the two 
older infants, still being fed the formula, 
the percent of linoleic acid was over 40. 

British infants rarely had 3 percent of 
the body fat as linoleic and many more had 
less than 1 percent. The proportion of 
linoleic acid in the fat of the breast fed 
infants was higher than in the infants fed 
cows' milk formula. The rise in the propor- 
tion of linoleic was accompanied by a fall 
in the proportions of some other fatty 
acids, notably myristic and stearic. Palmitic 


acid tended to fall as a proportion of the 
fat after birth. In the infants fed the cows' 
milk formula the proportions of myristic 
and stearic acids tended to rise. 

Possibly one of the most interesting ob- 
servations was that the fatty acid composi- 
tions of the body fat in the British and 
Dutch infants differed at birth. The fat of 
the Dutch infants was appreciably more 
unsaturated with significantly higher 
proportions of palmitoleic and linoleic 
acids. When the body fats of the older 
infants receiving a mixed diet were com- 
pared there still were differences. The fat 
of the Dutch infants was richer in 
palmitoleic and linoleic acids. 

The results from the newborn infants 
suggest that maternal dietary fat affects the 
fetus. This may be a result of the trend in 
food consumption patterns in the Nether- 
lands which over the past five to ten years 
showed an increased consumption of 
margarines with a high polyunsaturated fat 
content, at the expense of butter. Fatty 
acids are known to cross the placenta in 
small amounts.® Therefore, the differences 
seen in the newborn infants may reflect 
this change. 

As the authors say, it is still a matter of 
conjecture about the maternal dietary fat 
affecting the fetal fat. The results show 
very clearly, however, that substituting the 
cows' milk fat with maize oil in an infant 
formula has a profound effect on the body 
fat of the infants. 

A number of questions are raised by this 
and similar studies which may have im- 
portant implications and require further 
work. Does the composition of body fat 
matter? The Dutch infants tend to have 
lower serum cholesterol values and this 
may be an advantage. It is possible, how- 
ever, that the level of unsaturation in the 
fat may affect cell multiplication in the 
adipose tissue.^ It is also not clear how ex- 
tensive the changes in the level of unsatura- 
tion of other lipids, the membrane 
phospholipids, for example, may be. 
Changes in the composition of such lipids 
might be expected to have considerable 
functional significance. The implications of 
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a highly unsaturated body fat for vitamin E 
requirements are also far from clear. 

This paper demonstrates the pronounced 
effects on body composition that may re- 
sult from manipulation of food .composi- 
tion, Rats fed diets containing 20 percent 
of safflower oil develop adipose tissue con- 
taining 60 percent of the total lipid as 
linoleic acid® and the infant may be nearly 
as responsive as the rat. Obviously the 
infant is particularly vulnerable to such 
changes since one food forms the major 
part of the diet for a considerable period of 
time. There is need for a concerted effort 
to establish a clearer understanding of the 
significance of such effects, □ 
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ABSORPTION OF EXTRINSIC AND 
INTRINSIC IRON LABELS 


Recent data demonstrate that a two-poo! concept of iron absorption is 
vaiid and can be used to measure the absorption of the 
bioiogicai iron mixed diets by use of extrinsic iabeiing of the dietary iron. 


Key Words: iron absorption, humans 
The use of a variety of foodstuffs labeled 
biologically with radioiron as a technique 
for measuring iron absorption has been 
investigated since 1951T In most of the 
subsequent studies only one labeled 
food was studied at a time. These studies 
revealed clearly that other dietary con- 
stituents as well as physiological state of 
the subject could influence iron absorption 
but could not provide reliable data on the 
absorption of iron from a complete diet 
whose iron was derived from a variety of 
sources. 

In recent years double isotope tech- 
niques have been employed to investigate 
the absorption of iron from biologically 
labeled foods relative to iron mixed into 
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the food at the time of preparation. Bjorn- 
Rasmussen and his co-workers^ used ®®Fe 
intrinsically labeled corn and eggs mixed 
with extrinsic ^^FeClg and ^^Fe intrinsi- 
cally labeled wheat with extrinsic ^^FeClg 
in separate studies with healthy young 
men. Radioiron absorption was calculated 
from the measurement of blood radio- 
activity and an estimate of blood volume 
two weeks after administering the isotopes. 
In each case they found the ratio of ex- 
trinsic to intrinsic labeled iron absorption 
not to differ from unity and concluded 
that there was a complete isotopic ex- 
change between the biological label and the 
added tracer. 

This technique has also been successfully 
investigated by Layrisse and Martinez- 





Torres with reference to absorption of 
heme iron.^ This work was undertaken in 
view of the concept that absorbable iron 
can be viewed as consisting of two pools, 
non-heme and heme iron. Veal muscle was 
intrinsically tagged by injecting a calf with 
®®Fe and obtaining the muscle three 
months later. The extrinsic tag was hemo- 
globin isolated from the blood of a rabbit 
that had been treated previously with 
^®Fe. They also used intrinsically labeled 
corn and incorporated an extrinsic label of 
inorganic iron in the same manner as the 
preceding authors. The subjects were 94 
Venezuelan peasants exhibiting a wide 
range of iron states which provided a wide 
range of iron absorption. The iron sources 
were incorporated in a mixed meal of black 
beans, corn, rice and veal. They found that 
the heme iron of hemoglobin from rabbit 
blood was absorbed at the same rate as the 
veal iron, which was 80 percent heme iron 
and 20 percent ferritin, and that the in- 
organic iron was absorbed at the same rate 
as the non-heme iron of corn and at a lower 
rate than the iron of veal. 

On the basis of these and other studies 
which demonstrated the validity of the 
extrinsic tag two-pool method, Bjorn- 
Rasmussen and his co-workers'^ made a 
more detailed study. This involved the 
examination of iron absorption from 
separate meals, of the increase in iron 
absorption obtained by iron fortification 
and of the practical applicability of this 
technique for measuring iron absorption 
from the whole diet. 

A total of four studies was conducted. 
Extrinsic labels were used for one day in 
the first three experiments and for two 
days in the fourth. In study I the total 
daily absorption of both heme and non- 
heme iron was measured. ^^FeClg and 
^®Fe labeled rabbit hemoglobin were used 
as extrinsic tags. In the remaining studies 
only non-heme iron absorption was 
measured. In study II ^^FeClg was in- 
corporated in the breakfast and FeClg in 
lunch and dinner, while in study III 
^^FeClg was used in lunch only and 
^^FeClj was used in breakfast and dinner. 


thus permitting the study of non-heme iron 
absorption from breakfast or lunch in com- 
parison to the other two meals. In study IV 


was added 


meals 


^^FeCl 3 added in the meals fed the 
second day to permit measurement of non- 
heme iron absorption in the presence of 
an additional iron supplement. Total iron 
intake in all studies was 17.4 mg daily 
except that in day two of study IV it was 
26.5 mg, the increase being in the form of 
ferrous sulfate. In all cases the heme iron 
intake was 1 .0 mg. 

The subjects were 32 young men in their 
seventh month of military service. The 
meals were designed to contain the relative 
amounts of foods representing the average 
meals served at the military unit. The foods 
used were thoroughly minced and mixed 
and the extrinsic labels and iron supple- 
ments were added at time of mixing. The 
mixes were served as cooked puddings. 

The absorption of Fe was measured in 
a whole body counter, measurements being 
made 30 minutes after a ^®Fe meal and 
two weeks later. Relative absorptions of 
®®Fe and ^®Fe were measured from radio- 
activities of the foods consumed and of the 
blood sampled two weeks later. Total Fe 
absorption was measured from the relative 
absorption ratio in the blood and the total 
®®Fe absorption measured in the whole 
body counter. 

In the study I the non-heme iron absorp- 
tion was 5.3 ±1.8 percent of the intake, 
whereas the heme iron absorption was 
37.3 ± 3.8 percent. The total absorption of 
dietary iron amounted to 1.25 ± .32 mg. In 
study II the non-heme iron absorption from 
the breakfast meal was 2.1 ± 0.9 percent 
and that from lunch-dinner was 3.1 ± 0.8 
percent. The total non-heme iron absorp- 
tion was 0.46 ± .14 mg in contrast to non- 
heme iron absorption of 0.88 ± 0.3 mg in 
study I. In study III non-heme iron 
absorption from lunch was 4.0 ± 1.1 per- 
cent and from the combination of break- 
fast and dinner was 4.0 ±1.0 percent. The 
total non-heme iron absorption was 0.66 ± 
.17 mg. In study IV non-heme iron absorp- 
tion was 3.5 ± 0.6 percent from all three 
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meals (0.57 ± .10 mg) when the intake was 
16.4 mg. On the second day when the non- 
heme iron intake was increased to 25.5 mg 
its absorption was 4.0 ± 0.8 percent (1.02 ± 
.19 mg). 

Although this series of experiments was 
not designed to test critically the accuracy 
of the methods employed, the results do 
seem reasonable. In study II, for example, 
the difference of 1 percent in non-heme 
iron absorption between breakfast and 
dinner-lunch is statistically real when 
analyzed by the paired "t" test. In other 
words, in spite of the rather large variation 
between individuals, their response in 
absorption between the two measurements 
was quite uniform. Also, the direction of 
difference, greater non-heme iron absorp- 
tion from the lunch-dinner meal, is in 
agreement with the principle that heme 
iron, present only in lunch-dinner, im- 
proves absorption of non-heme iron.^ Also, 
there was more phytate in the breakfast 
than in lunch-dinner and this would tend to 
inhibit iron absorption. 

Further evidence that there are no large 
systematic errors is that the average total 
iron absorption in all of these studies was 
1.02 mg daily, an amount closely approxi- 
mating estimates of iron excretion in 
healthy young men. 

The work of these two groups of investi- 
gators demonstrates the utility of the ex- 
trinsic tag method for studying iron absorp- 
tion in humans. The method obviates the 
need of using intrinsic labeling of foods, is 
applicable to relatively large numbers of 
subjects and is more accurate than conven- 


although the iron absorption values are too 
high to be extrapolated to humans. 

In all of these studies the extrinsic non- 
heme label was supplied as the soluble 
FeClg on the assumption that non-heme 
food iron would have similar solubility and 
would be equally affected by luminal fac- 
tors in the intestine. To the extent that 
food iron supplements such as relatively 
insoluble iron phosphates or iron contami- 
nation in the form of oxide or other less 
soluble forms are present, this method 
would overestimate availability of the total 
non-heme iron intake. These considerations 
appear to place limits on the general appli- 
cability of both the extrinsic and intrinsic 
tag methods. Nonetheless the extrinsic tag 
procedure does appear to be as useful an 
approach as is currently available for 
measuring absorption of the biological iron 
content of the diets. □ 
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tional balance techniques. It is probably 
not useful in the testing of specific sources 
of dietary iron supplements whose solubili- 
ty would place their absorption outside of 
the limits of the usual two-pool concept. 
The method has been validated in a recent 
study with adult rats.® Non-heme iron ab- 
sorption in these animals responded to 
many of the factors known to influence 
absorption in humans, i.e., anemia, dietary 
ascorbic acid and presence of heme iron. 
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RETARDED GROWTH, LIFE SPAN, ULTIMATE BODY 
SIZE AND AGE CHANGES IN THE ALBINO RAT 
AFTER FEEDING DIETS RESTRICTED 
IN CALORIES 

C. M. McCAY, L. A. MAYNARD, G. SPERLING AND LeROY L. BARNES 
Animal Nutrition Laboratory, Cornell University, Ithaca, New York 

Diets used in these studies were made very high in percentage of 
such constituents as protem, minerals and vitamins in order to insure 
an adequate ingestion of these essentials. The retardation is effected 
by the deficiency in the daily allowance of energy in the diet. In the 
present study every animal was given the same daily allowance of the 
basal diet. Animals permitted to grow normally were given additional 
calories. 


The amount of tliis diet fed to individuals daily was determined by 
the amount needed to maintain the retarded animals at a stationary 
body weight. The results of such a regime insure the ingestion of 












approximately equal amounts of such essentials as protein and 
minerals, but do not impose any additional burden upon such organs 
as the kidneys in the case of animals allowed to grow nonually. In 
tills case all animals ingested enough protein, vitamins and minerals 
for growth, but the retarded animals could not grow due to a 
deficiency of calories. 





Figure 1. Projected growth curves showing the plan for the experiment and representa- 
tives of the retarded groups at the age of 1000 days. 


At the end of 300 days the retarded animals were divided into 
'four groups as nearly equal as possible. One was fed additional 
calories to permit growth. The other groups were thus assigned at 
this date to the several periods for resuming growth. These were at 
the end of 500, 700 and 1000 days. The design of the experiment is 
shown in figure 1 . 
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Figure 2, Age 964 days. This photograph was taken the last day of life for the last of the 
controls on the left and 36 days before the retarded rat on the right was allowed to mature. 
Note the contrast in degree of senescence. 
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Summary 

Rats were retarded in growth for periods of 300, 500, 700 and 
1000 days before being allowed to grow to maturity. Members of 
each of these groups were alive when the last of the control groups 
had died at an age of 965 days. Retardation of growth by diets, 
complete except for calories, affords a means of producing very old 
animals for studying aging. Animals that are retarded for even 300 
days can never become as large as those that mature normally. After 
1000 days of retardation only part of the rats were able to resume 
growth when adequate energy was allowed in the diet. Even at tliis 
extreme period the male tended to grow to a larger size than the 
female. The growth of the bones m rats retarded for 700 and 1000 
days was followed by means of x-ray photographs. The maintenance 
of a constant body weight in this period of old age does not check 
the growth of the bones. These increase slowly and respond to 
realimentation in all cases after 700 days of retardation but in only 
part of the cases after 1 000 days. 









PROTEIN-BOUND RETINOL OR A RETINOL 
METABOLITE IN URINE 


Retinol or a retinol metabolite bound to protein was found in rat and human 
urine. Its excretion decreased in vitamin A-deficient rats. A prosthetic group 
with 330 nm absorption or Carr-Price reactivity could not be extracted from 

the material. 


Key Words: retinol, retinol-binding protein, retinol 
metabolite, urinary excretion, protein-bound 
retinol 

Urinary excretion of water soluble vitamins 
or their metabolites (e.g. 4-pyridoxic acid) 
is a useful index of the status of vitamin 
nutrition in man and animals. A similar 
approach has not been applied to retinol 
because retinol, as such, is rarely detected 
in urine. Information on the metabolism or 
the metabolic role of this vitamin is also 
fragmentary. 

Retinol bound to the transport protein 
retinol-binding protein (RBP) has been 
isolated from the urine of patients suffering 
from tubular proteinuria due to cadmium 
poisoning or other renal diseases.^ In a 
recent study Clark and colleagues^ tried to 
isolate holo RBP (RBP bound to retinol) 
from the urine of cadmium-treated rats. 
They failed to obtain this metabolite 
despite marked proteinuria. Instead they 
isolated a protein of small molecular 
weight, with retinol or a retinol metabolite 
bound to it. 

Retinol-15 was injected intra- 
peritoneally into rats and the urine frac- 
tionated on Sephadex G-100, after dialysis 
and lyophilization. Two protein fractions 
(peaks A and B) could be detected with 
ultraviolet absorption at 330 nm. There 
was a marked increase in protein and the 
330 nm absorbing material after CdClg 
poisoning. In the urine of vitamin A-de- 
ficient rats, the concentration of both these 
metabolites was markedly lower than in 
normal rat urine. 
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Peak A which was eluted near the void 
volume of the Sephadex G-100 column, was 
at first thought to be a RBP-retinol com- 
plex. No 330 nm absorbing material could 
be extracted from it with ether, nor could 
retinol be split from it by dialysis. Its mole- 
cular weight seemed to be very much 
higher than that of the RBP-prealbumin 
complex.^ 

The major metabolite, peak B, showed 
only a slight shoulder at 330 nm. Its fluor- 
escence spectrum gave an emission maxi- 
mum at 426 nm (excitation maximum at 
344 nm) with an intensity 12.3 times that 
of retinol (excitation 337 nm, fluorescence 
465 nm), for equivalent absorption at 330 
nm. When injected into vitamin A-deficient 
rats, it failed to cure vitamin A deficiency. 
No radioactivity, 330 nm absorbing or 
Carr-Price reactive material could be ex- 
tracted from it with lipid solvents, or after 
denaturation of the protein with trichloro- 
acetic acid. The metabolite had sufficient 
protein to be measured by the Lowry re- 
action. The molecular weight of the peak B 
material was determined to be about 4600 
by chromatography on Sephadex G-50 
column, calibrated with cytochrome c, 
insulin and bacitracin. 

To make sure that the excreted sub- 
stance was a true metabolite, rather than 
retinol attached nonspecifically to a uri- 
nary protein, labeled retinol was added in 
vitro to normal unlabeled urine and then 
examined for the label in peak B. Little 
radioactivity could be detected, suggesting 
that the substance was a true metabolite. 
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From these experiments the authors con- 
clude that the rat excretes a protein com- 
plexed, possibly covalently, with retinol or 
a metabolite of retinol with molecular 
weight of about 4600. If it is a metabolite, 
it cannot be retinoic acid since the tritiated 
atom was in position 15. The shift to a 
lower wavelength in the fluorescence spec- 
trum also suggests that it may not be 
retinol. 

The absence of a pronounced 330 peak, 
like that shown by RBP, is surprising since 
the latter has a larger amount of protein 
per mole of retinol."^ It is possible that the 
330 nm absorption in peak B is due to a 
metabolite of retinol which has lower 
absorptivity than retinol, or that retinol is 
attached to a small fragment of RBP. 

The large increase in the excretion of the 
substance after CdClg poisoning suggests 
that while a small amount is excreted in 
normal urine, much of it is reabsorbed 
through the kidney tubules. Interestingly a 
substance with similar ultraviolet absorp- 
tion, fluorescence spectrum and molecular 


weight characteristics was also identified in 
normal human urine. It would be worth- 
while to see if this metabolite can be an 
indicator of vitamin A status in man. It is 
easily isolated from urine, can be identified 
by its strong fluorescence and at least in 
rats, its excretion diminishes in vitamin A 
deficiency. □ 
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FTC PROPOSED REGULATIONS ON 
FOOD ADVERTISING 


The January 1975 issue of Nutrition 
Reviews noted the November 11, 1974 
publication by the Federal Trade 
Commission of a Proposed Rule regarding 
food advertising. Excerpts are presented 
below (smaller typeface). Some of the 
issues which the FTC raised are also in- 
cluded (standard typeface). The staff state- 
ment in support of the proposed rule, the 
staff statement in support of affirmative 
disclosure in food advertising, and the staff 
proposal on affirmative disclosure are not 
reprinted here. Copies of the complete 
publication are available from FTC. 

All interested persons may file written 
data, views or arguments to William D. 
Dixon, Special Assistant for Rulemaking, 
Federal Trade Commission, Washington-, 
D.C. 20580. Comments will be accepted 
until ten days before the Public Hearings. 

SUBPART A: GENERAL 

437.1 Definitions. 

437.2 Form, content and method of making dis- 
closures. 

SUBPART B: VOLUNTARY CLAIMS 

437.3 Emphatic nutrition claims. 

437.4 Nutrient comparison claims. 

437.5 Nourishment claims. 

437.6 Natural and organic food claims. 

437.7 Claims for foods intended to be combined 
with other foods. 

437.8 Energy and calorie claims. 

437.9 Fat, fatty acid and cholesterol content 
claims. 

437.10 Health and related claims. 


SUBPART A: GENERAL 
§ 437.1 DEFINITIONS. 

For the purpose of this Rule the following 
definitions shall apply: 

(a) ''Advertisement'' or "Advertising" 

Any written or verbal statement, illustration, 
or depiction, other than a label or in the 
labeling, which is designed to effect the sale of 
any food product, or to create interest in the 
purchase of such product, whether the same 
appears in a newspaper, magazine, leaflet, 
circular, mailer, book insert, catalog, sales 
promotional material, other periodical litera- 
ture (except professional or scientific journals), 
billboard, public transit card, or in a radio or 
television broadcast or in any other media. . . . 

(b) "Food" 

Any article used for food or drink by 
humans, including chewing gum. However, it 
does not include: 

(1) Special formula foods which are 
developed, intended or marketed exclusively 
for infants (persons not more than 12 
months of age) and which provide the com- 
plete nutritional requirements of infants. 

(2) Foods represented for use solely 
under medical supervision to meet nutri- 
tional requirements in specific medical con- 
ditions and advertised only In professional 
journals or publications. 

(3) Alcoholic beverages subject to the 
provisions of the Federal Alcohol Adminis- 
tration Act of 1935 (27 U.S.C. §201 et 
seq.). 

(c) "Nutrients" 

Protein and those vitamins and minerals 
listed in 21 CFR §1. 17(c) (7) (iv) and 21 CFR 
§125.1(b). 

(d) "United States Recommended Dally Al- 
lowances" (U.S. RDA) 

The nutrients and levels established, subject 
to amendment, in 21 CFR §125.1. 
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The definition specifically includes pro- 
tein and those other ''primary" and "op- 
tional" nutrients for which a U.S. Recom- 
mended Daily Allowance (U.S. RDA) has 
been established, namely vitamin A, vita- 
min D, vitamin E, vitamin C, folic acid, 
thiamine, riboflavin, niacin, vitamin Bg, 
vitamin biotin, pantothenic acid, cal- 
cium, phosphorus, iodine, iron, magnesium, 
copper, and zinc. 

1 . Would it better serve the purposes of the 
Proposed Rule to expand the definition 
of "nutrients" to include nutrients for 
which there is no established U.S. RDA? 
If so, which nutrient(s)? 

(e) ''Serving'^. . . . 

(f) ''Portion”. . . . 

(g) ''Clearly and Conspicuously Disclose” 

(1) Disclosing in a manner which can be 
easily understood (in the case of television and 
print advertising, also easily seen and read) by 
the casual observer, listener, or reader among 
members of the public. . . . 

(h) "Representation” or "Represent” 

Any direct or indirect statement, suggestion 
or implication in advertising, including but not 
limited to one which is made orally, in writing, 
pictorially, or by any other audio or visual 
means, or by any combination thereof. 

(i) "Protein Efficiency Ratio” (PER). . . . 

§ 437.2 FORM, CONTENT AND METHODS OF 
MAKING DISCLOSURES. 

Any disclosure required or described by any pro- 
vision of this Rule shall be made In accordance 
with the following general provisions of this Rule 
and as may be specifically prescribed in a section 
dealing with that particular disclosure. 

(a) Nutrients 

(1) Any advertisement which contains a 
representation concerning a nutrient or a dis- 
closure of a nutrient shall make such repre- 
sentation or disclosure only from among the 
nutrients listed in 21 CFR § 1.17(c) (7) (iv) 
and 21 CFR § 125.1(b). 


(2) A food shall not be represented-'in "ad- 
vertising as containing a nutrient, unless (a) the 
nutrient's (i) identity (stated as the common or 
usual name) and (li) amount (expressed as a 
percentage of the U.S. RDA contained in a 
stated serving of the advertised food) are clearly 
and conspicuously disclosed in accordance with 
all the provisions of this subpart of this Rule, 
and unless (b) a serving of such food contains 
the identified nutrient in an amount of 10 per- 
cent or more of the U.S. RDA; provided, how- 
ever, that, in instances where a food or a serving 
thereof is not required to contain a nutrient at 
a certain percentage of the U.S. RDA before a 
voluntary claim is made, an advertisement may 
represent the presence of nutrients contained in 
amounts of less than 10 percent of the U.S. 
RDA per serving if the identities of all nutrients 
required to be disclosed by 21 CFR § 1.17 
when a nutrition claim Is made, as well as their 
respective percentages of the U.S. RDA per 
serving (including zero percent), are clearly and 
conspicuously disclosed in accordance with all 
of the provisions of this subpart of this Rule. If 
a food or a serving thereof is required to con- 
tain any nutrient at a certain percentage of the 
U.S. RDA before a voluntary claim may be 
made (see Subpart B), the actual percentage 
(prior to any rounding off) of the U.S. RDA at 
which any such nutrient is contained in the 
advertised food or a serving thereof shall de- 
termine whether the condition(s) for making 
the claim has (have) been satisfied. 

(3) An advertised food or a serving thereof 
may not be represented as containing a nutrient 
in an amount of 50 percent or more of the U.S. 
RDA, unless such food or serving contains the 
identified nutrient only in a natural occurring 
(indigenous) form or such nutrient has been 
added in compliance with 21 CFR §1. 17(a)' 
( 2 ). 

• ■ • • 

1. Is it appropriate to permit in advertising 
(television? radio? print?) repre- 
sentations regarding nutrients which are 
not present in nutritionally significant 
amounts in view of the fact that a dis- 
closure of the complete nutrition profile 
of specific nutrient data on the label will 
be required; or should such truthful 
representations be prohibited in adver- 
tising (television? radio? print?) due to 
the possibly misleading implications of 
nutritional significance that might fol- 
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low from any reference to the presence 
of such nutrients? 

(b) Protein 

(1) The percentage of the U.S. RDA of pro- 
tein present per serving of the advertised food 
shall be based on a U.S. RDA of 45 grams of 
protein, if the total protein has a PER equal to 
or greater than the PER of casein; or based on a 
U.S. RDA of 65 grams of protein, if the total 
protein has a PER less than that of casein. 

(2) Except with respect to the amount of 
protein as permitted by the proviso in subpara- 
graph (a)(2), above, representations in adver- 
tising of the presence of protein may be made 
only If a serving of the advertised food contains 
protein at a level of 10 percent or more of the 
U.S. RDA and the total protein in the adver- 
tised food alone has a PER of 20 percent or 
more of the PER of casein. 

1. Are the proposed standards for protein 
quality and quantitysufficiently high? If 
not, what other standards might be 
established which would be sufficiently 
compatible with the nutrient labeling 
program standards so as to neither con- 
fuse consumers nor unreasonably 
burden advertisers? 

2. Should the proviso contained in sub- 
paragraph 437.2(a) (2) apply to repre- 
sentations regarding the quantity of 
protein as well as such representations 
relating to those vitamins and minerals 
considered as ''nutrients"? 

(c) Analytical Methods. . . . 

(d) Calories. . . . 

(e) Serving or Portion 

Statements regarding servings or portions 
shall be consistently stated in terms of a con- 
venient unit of such food or a convenient unit 
of measure that can be easily identified as an 
average or usual serving or portion and can be 
readily understood as such by purchasers of 
such food. . . . 

(f) Identification and Designation of Foods. . . 

(g) Television Advertisements — Method and 

Form of Disclosures. 

Under paragraphs 437.2 (a) and (b) and 
Subpart B of this Rule, any disclosure in any 
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television advertisement shall be made in the 
same portion (audio or video) of the adver- 
tisement in which the voluntary claim is made. 
The video portion of the disclosure in each such 
advertisement shall be prominently displayed in 
the form of a super or title, or prominently 
displayed on the screen by itself so as to enable 
it to be completely and easily seen and read on 
all television sets, regardless of picture tube 
size, that are commonly available for purchase 
by the consuming public. Any disclosure re- 
quired by Subpart B of this Rule in any adver- 
tisement shall be made in immediate con- 
junction with the voluntary claim which creates 
the requirement for such disclosure. 

(h) Print Advertisements — Method and Form 

of Disclosures 

(1) Any disclosure In a print or display 
advertisement shall be prominently displayed. 


SUBPART B: VOLUNTARY CLAIMS 

§ 437.3 - EMPHATIC NUTRITION CLAIMS. 

Emphatic, extraordinary, positive or similar 
claims concerning the nutritional value of a food 
with general or specific reference to any nu- 
trlent(s) contained In such food, including but not 
limited to the use of terms such as "'lots (or 'Tull) 

of /' "high (or "rich) in ," "packed (or 

"loaded) with ," and "excellent (or "signifi- 
cant or "good) source of " shall not be used in 

advertising unless: 

(a) The identity of any nutrient upon which T ' 
the claim is based, as well as the percentage of 

the U.S. RDA per stated serving provided by [ 
each such Identified nutrient, is clearly and ; 
conspicuously disclosed; and i 

(b) A serving of the advertised food con- 
tains each nutrient identified pursuant to 
paragraph (a) hereinabove in an amount of at 
least 35 percent of the U.S. RDA. 

1. Is the fact that a serving of food contri- 

butes 35% of the U.S. RDA of the 
claimed nutrients a sufficient contri- 
bution to the diet to justify an emphatic | 

claim? I 

2. Is there a lower percentage contribution i 

which is sufficient to justify an empha- 
tic claim? ^ 














illl: 




§ 437.4 NUTRIENT COMPARISON CLAIMS. 

(a) Representations in advertising which make 
a comparative claim for the amount of any nu- 
trient contained in an advertised food shall not be 
made, unless: 

(1) The comparison is with an equal-sized 
serving of a commercially available food; and 

(2) If a serving of the advertised food con- 
tains the same number of calories as or fewer 
calories than an equal-sized serving of the 
compared food, the compared food contains no 
more than two nutrients in amounts greater by 
10 percent or more of the U.S. RDA than the 
amounts (including zero percent) at which the 
same two nutrients are contained in a serving of 
the advertised food; and 

(3) If a serving of the advertised food con- 
tains more calories than an equal-sized serving 
of the compared food, the compared food con- 
tains no more than two nutrients in amounts 
greater on a per 100 calorie basis than the 
amounts (including zero percent) at which the 
same two nutrients are contained in a serving of 
the advertised food; and 

(4) If the comparison concerns protein, a 
serving of the advertised food contains protein 
of at least the same quality as that contained in 
an equal-sized serving of the compared food; 
and 

(5) The identities of the advertised and 
compared foods are clearly and conspicuously 
disclosed; and 

(6) The advertised food and the food with 
which it is compared normally serve the same 
purpose in the diet; and 

(7) The same nutrients are compared and the 
name of each such compared nutrient is clearly 
and conspicuously disclosed; and 

(8) The percentage of the U.S. RDA of each 
compared nutrient provided by a stated serving 
of the advertised food is clearly and con- 
spicuously disclosed; and 

(9) If an advertised food is represented as 
one which contains any nutrient in any amount 
greater than the amount of such nutrient in 
another food, the amount contained in a serv- 
ing of the advertised food exceeds that con- 
tained in an equal-sized serving of the compared 
food by at least 10 percent of the U.S. RDA. 

1. Should nutrient comparison claims per- 
mitted by the Proposed Rule be limited 
to foods which serve the same purpose 
in the diet? 




2. Should the test for permitting a com- 
parison between the quantity of a 
specific nutrient in the advertised food 
and the amount of that nutrient in the 
compared food be based on an overall 
comparison between those nutrients 
contained in the compared food and the 
same nutrients in the advertised food; or 
should the quantities of each nutrient in 
the compared food be compared with 
the quantity at which any nutrient is 
contained in the advertised food? Are 
there additional or alternative tests of 
nutritional equivalence which should be 
met before a nutrient comparison claim 
may be made? 


'1 


(b) A food shall not be represented in ad- 
vertising to be a substitute or replacement for 
another food (unless it is a food labeled “imita- 
tion'" in compliance with 21 CFR §1.8), or as 
nutritious as another food, unless: 

(1) A serving of the advertised food con- 
tains at least the same nutrients as those 
nutrients contained in an amount of 2 per- 
cent or more of the U.S. RDA in an equal- 
sized serving of the compared food, and each 
such nutrient is present in the advertised 
food in an amount which is at least equiva- 
lent to the amount at which each is con- 
tained in an equal-sized serving of the com- 
pared food; and 

(2) If the compared food contains pro- 
tein, a serving of the advertised food con- 
tains protein of at least the same quality as 
that contained in an equal-sized serving of 
the compared food; and 

(3) The identity of the compared food 
and number of calories provided by equal- 
sized, stated servings of the advertised and 
compared foods, respectively, is clearly and 
conspicuously disclosed; and 

(4) If the advertised food contains a 
higher fat content than the compared food, 
such fact, as well as the total fat content (in 
accordance with 21 CFR § 1.17(c) (6) and 
1.18(c) (2) (i)), is clearly and conspicuously 
disclosed; and 

(5) If an advertisement is for a food 
labeled “imitation" in compliance with 21 
CFR §1.8, it is clearly and conspicuously 
disclosed that such food is not as nutritious 
as the food for which it is intended to be a 
substitute or replacement. 
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1. Is it appropriate to require a serving of 
the advertised food to contain all the 
nutrients contained in "measurable 
amounts" (i.e., 2% of the U.S. RDA) in 
at least the same amounts as they are 
contained in a serving of the compared 
food? If not all nutrients, as to what 
nutrients should there be parity? 

2. Should nutrient comparisons (for pur- 
poses of satisfying the first prerequisite 
of making a claim under paragraph 
437.4(b)) be between nutrients con- 
tained not at 2 percent but at some 
higher level (e.g., 10% of the U.S. RDA) 
in a serving of the compared food? 

3. Will disclosures of comparative caloric 
and fat content be meaningful to con- 
sumers in the context of these claims or 
should there be prerequisites to the 
making of such claims which require 
that a serving of the advertised food 
have as many calories as, or fewer cal- 
ories than, a serving of the compared 
food, and that a serving of the adver- 
tised food have the same fat content as, 
or a lower fat content than, a serving of 
the compared food, without any re- 
quirement of disclosure? 

(c) A food shall not be represented in 
advertising to be nutritionally superior to 
another food, unless: 

(1) The nutrients in a serving of the 
advertised food provide at least 10 percent 
more of the U.S. RDA than are provided by 
those nutrients contained in an amount of 2 
percent or more of the U.S. RDA in an 
equal-sized serving of the compared food; 
and 

(2) If the compared food contains pro- 
tein, a serving of the advertised food con- 
tains protein of at least the same quality as 
that contained in an equal-sized serving of 
the compared food; and 

(3) The identity of the compared food 
and number of calories provided by equal- 
sized, stated servings of the advertised and 
compared foods, respectively, is clearly and 
conspicuously disclosed; and 

(4) If the advertised food contains a 
higher fat content than the compared food, 
such fact, as well as the total fat content (in 
accordance with 21 CFR § 1.17(c) (6) and 
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1.18(c) (2) (D), is clearly and conspicuously 
disclosed. 

1. Is it appropriate to require a serving of 

the advertised food to contain all the 4 
nutrients contained in "measurable 
amounts" (i.e., 2% of the U.S. RDA) in 
a serving of the compared food, in 
amounts greater by 10% or more of the 
U.S. RDA. than the amounts contained 
in the compared food, before a nutri- 
tional superiority claim can be made? If 
not all nutrients, as to which nutrients 
should a comparison be made? 

2. Should nutrient comparisons (for pur- > 
poses of satisfying the first prerequisite 

of making a claim under subparagraph 
(c) (D) be between nutrients contained 
not at 2 percent but at some higher level 
(e.g., 10% of the U.S. RDA) in a serving 
of the compared food? 

§ 437.5 NOURISHMENT CLAIMS. 

(a) An advertisement shall not represent a food ! 
to be "nourishing," "wholesome," "nutritious," | 
or use any other term of similar import 
which in any way states, suggests or implies that ; 
such food is a valuable or significant source of 
nutrition, unless a serving of the food contains at 
least four nutrients, including protein, each of 
which is present in an amount of at least 10 per- 
cent of the U.S. RDA per 100 calories, and unless ! 
at least one of such nutrients is present in a serving 
of such food in an amount of at least 10 percent 
of the U.S. RDA; provided, however, that such 
terms may be used to describe any identified nu- 
trient(s) which is (are) contained in such food 
(e.g., "nutritious Vitamin C"), subject to the pro- i 
visions of subparagraph 437.2(a) (2) of this Rule. ' 

1. Should the prerequisite for making a 
claim that a food is a valuable or sig- 
nificant source of nutrition be based on 
the content of 4 nutrients, including 
protein, in amounts of 10% of the U.S. 

RDA per 100 calories or should it be 
required that those or some of those 4 
nutrients be present in amounts of 10% 
of the U.S. RDA per serving of the ad- 
vertised food? Are there additional or 
alternative requirements that should be 
met before such a claim is allowed? 








(b) A food or a serving thereof shall not be 
represented in advertising as providing all of the 
nutrients necessary for a sound, complete or 
balanced diet, unless it satisfies the U.S. RDA 
requirements for protein, vitamins and minerals 
prescribed in 21 CFR Part 125, and unless 
competent and reliable scientific tests demon- 
strate that such food is a total diet replacement. 

(c) Subject to the provisions of paragraph 
(b) hereinabove, an advertisement shall not 
represent that an advertised food or a serving 
thereof alone is '"perfect" or "nutritionally 
perfect," provides "complete nutrition," con- 
tains "all the good things you need," or use any 
other term of similar import which in any way 
states, suggests or implies that consumption of 
only the advertised food will provide enough 
nutrition to constitute a sufficient and full 
source of nutrition; or that consumption of the 
advertised food or a serving thereof maintains 
health, makes an individual well-fed or in any 
way is a unique, special or exclusive source of 
nutrition or health benefits. 

(d) An advertisement shall not represent 
that a food or a serving thereof constitutes a 
nutritionally adequate meal, unless such ad- 
vertised food or serving thereof complies with 
an applicable federal regulation prescribed in 
the Code of Federal Regulations. 


*§ 437.6 NATURAL AND ORGANIC 
FOOD CLAIMS. 

(a) A food shall not be represented in ad- 
vertising to be "natural" or a "natural food" or 
"naturally grown," or otherwise be depicted, 
designated or described by any term or demon- 
stration of similar import. However, an advertise- 
ment may represent that a food does not contain 
any artificial or synthetic preservatives, flavors or 
colors, or any other artificial or synthetic in- 
gredients, if such is the fact. 

(b) A food shall not be represented in adver- 
tising to be "organic" or an "organic food" or 
"organically grown," or otherwise be depicted, 
designated or described by any term or demonstra- 
tion of similar import. However, an advertisement 
may represent that a food has not been grown 
with or subjected to pesticides or artificial ferti- 
lizers or artificial conditioners, if such Is the fact. 


*These sections are specific provisions which staff would 
include in those sections of Subpart B of the proposed 
rule where the Commission is not presently prepared to 
propose particular provisions. The Commission wishes to 
elicit comment on these provisions. 


(c) An advertisement for a food which makes 
any representation permitted under § 437.6 (a) 
and (b) hereinabove shall not further represent 
that such food is nutritionally superior to any 
other food(s) on the basis of such permitted repre- 
sentation. 

1. What, if any, is the proper definition of 
the term "natural food"? "Naturally 
grown food"? If any such definition 
exists for either term, is it generally 
accepted (among scientists or nutri- 
tionists; among consumers) or is there 
confusion, misunderstanding or disagree- 
ment about it? 

2. What, if any, is the proper definition of 
the term "organic food"? "Organically 
grown food"?. . . . 

3. What empirical evidence, if any, is there 
of consumer understanding of the terms 
"natural," "naturally grown," "organic" 
and "organically grown"? If such evi- 
dence exists, does it show a consumer 
understanding consistent with any 
generally accepted definitions of those 
terms? 

4. What evidence, if any, is available to 
demonstrate that so-called "natural" (or 
"naturally grown") or "organic" (or 
"organically grown") foods are in any 
way superior to other foods other than 
the extent, if any, to which they are 
superior by reason of the facts enumera- 
ted (and allowed to be claimed) in para- 
graphs 437.6(a) and (b) of the staff 
proposal on "Natural and Organic Food 
Claims"? 




5. If the terms "natural" (or "naturally 
grown") and "organic" (or "organically 
grown") cannot be defined in a manner 
which will eliminate consumer mis- 
understanding, should their use in ad- 
vertising be prohibited? 

6. If the terms "natural" or "naturally 
grown" are to be prohibited in adver- 
tising, which, if any, of the following 
claims should be permitted where truth- 
ful: 

(a) ". . . does not contain any artifi- 
cial or synthetic preservatives."? 

(b) ". . . does not contain any arti- 
ficial or synthetic flavors."? 



3 


9 
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(c) . . does not contain any arti- 
ficial or synthetic colors/7 

(d) . . does not contain any 
(other) artificial or synthetic ingre- 
dients/7 

What other clainns, if any, should be 
allowed? 

7. If the terms "organic" or "organically 
grown" are to be prohibited in ad- 
vertising, which, if any, of the following 
claims should be permitted where 
truthful: 

(a) ". . . has not been grown with (or 
subjected to) pesticides (or artificial 
fertilizers; or artificial conditioners)."? 
What other claims, if any, should be 
allowed? 

8. If any specific factual claim referred to 
in issues 6 or 7 is to be permitted in 
advertising, should any further repre- 
sentation of nutritional superiority 
based on such claim be allowed? 


§ 437.7 CLAIMS FOR FOODS INTENDED TO 

BE COMBINED WITH OTHER FOODS. 

(a) If, in order to prepare a food for con- 
sunnption, it is necessary for a consumer to add 
to an advertised food and other food{s), 
characterizing ingredient(s) or component(s), as 
such ingredient(s) or component(s) is (are) 
defined in 21 CFR §102.1, that fact shall be 
clearly and conspicuously disclosed in any ad- 
vertisement for such food. 

(b) An advertisement for a food described 
in paragraph (a) hereinabove may represent that 
consumption of a serving of the combination 
provides a designated percentage of the U.S. 
RDA of each of the nutrients contained in a 
serving of such combination, subject to the 
provisions of subparagraph 437.2 (a) (2) of this 
Rule. However, a representation that the adver- 
tised food alone provides a designated per- 
centage of the U.S. RDA of the nutrients which 
are contained in a serving of such combination 
shall not be made. 

(c) If a serving of the food(s), ingredient(s) 
or component(s) with which an advertised food 
is (are) necessarily combined contributes more 
than 50 percent of the U.S. RDA of any nu- 
trient named in the advertisement, it shall be 
clearly and conspicuously disclosed that most 
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of such nutrient is provided by such food(s), 
ingredient(s) or component(s). 

(d) If an advertised food is frequently, but 
not necessarily, combined with any other 
food(s), ingredient(s) or component(s) for con- ^ 
sumption, any representation regarding nutri- 
tion shall be based on the nutritional value of 
the advertised food alone. 

1. Should a food which is sometimes but 
not necessarily combined with another 
food be allowed to disclose the nutrients 
present in the combination so long as 
the nutrients present in the advertised 
food alone are disclosed with equal prom- 
inence? If so, should such additional dis- 
closure be limited to print advertising, or 
be allowed in other media as well? 

§ 437.8 ENERGY AND CALORIE CLAIMS, 

(a) An advertisement shall not represent 
that a food or nutrient contains, produces, 
provides, enhances, or is a source of '"energy" 
or "food energy," or use any other word, 
demonstration or depiction of similar import, 
unless it clearly and conspicuously discloses, in 
immediate conjunction with the making of each 
such representation, that "energy" or "food 
energy" is supplied by calories, as well as the 
number of calories contained in a stated serving 
of the advertised food. 

(b) An advertisement shall not represent 
that consumption of a food or nutrient, by 
itself, will produce or provide health, general ^ 
vigor, sustained energy or alertness, or that the 
energy from calories, by itself, will produce or 
provide strength, endurance, intellectual per- 
formance, or the prevention or relief of fatigue. 

(c) An advertisement shall not represent 
that consumption of a food in any way en- 
hances or contributes to a person's vigor, 
energy, alertness, strength or endurance, unless 
it clearly and conspicuously discloses, in im- 
mediate conjunction with the making of each 
such representation: 

(1) That such vigor, energy, alertness, ^ 
strength or endurance is enhanced by and 
depends, in part, upon the calories in the 
food; and 

(2) The number of calories contained in a 
stated serving of the advertised food. 

(d) An advertisement shall not represent 
that consumption of any food or meal is useful 







for, or contributes in any way to, or is useful 
; in, regulating or maintaining caloric intake or 

body weight by the use of any demonstration 
^ or depiction, or any word or phrase such as 
“diet," “dietetic," “low calorie," “low in cal- 
ories," “fewer calories," “calorie reduced," 
“contains artificial sweeteners," “artificially 
sweetened," or any other demonstration, de- 
piction or term of similar Import, unless: 

(1) The advertised food complies with the 
provisions of 21 CFR §125.6; and 

(2) The number of calories contained in a 
stated serving of the advertised food is 
clearly and conspicuously disclosed. 

1. Is adequate and proper exercise a suffi- 
ciently useful way of altering daily 
caloric balance as to require the mention 
of this factor in advertisements for 
foods claiming to be useful in regulating 
or maintaining caloric intake or body 
weight? 

2. Should advertisements for foods claim- 
ing to be useful in regulating or main- 

' taining caloric intake or body weight be 

required to disclose, either alone or in 
addition to the disclosure presented in 
issue 1 above, that a reduction of total 
caloric intake should be combined with 
consumption of the advertised food? 

(e) An advertisement for a food which 
makes any representation described in para- 
graph(d) hereinabove, and which contains any 

f artificial sweetener, except one which serves an 

1 authorized technological purpose (as defined in 

21 CFR § 125.1 (i)) shall comply with the pro- 
i visions of subparagraphs (d) (1) and (2) here- 

^ inabove, and 

(1) Shall clearly and conspicuously dis- 
close the number of calories contained in a 
stated, equal-sized serving of the same food 
made with nutritive sweeteners; and 

(2) if the artificially sweetened product 
contains a nutritive sweetener, the advertise- 
ment shall clearly and conspicuously make 

^ the following specific disclosure: 

“This food contains sugars and should 
not be used by diabetics without the ad- 
vice of a physician." 

(f) An advertisement shall not represent 
that a food is "sugarless," "sugar free," "con- 

‘ tains no sugar" or use any other term of similar 


import, unless such food contains no sugars, 
including, but not limited to, sorbitol, manni- 
tol, or other hexltol(s). 

• « • • 

*§ 437.9 FAT, FATTY ACID AND CHOLES- 
TEROL CONTENT CLAIMS. 

(a) An advertisement shall not contain any 
representation regarding the fat, fatty acid or 
cholesterol content of an advertised food, unless 
such food meets the criteria set forth in 21 CFR § 
1.18 and carries a nutrient label in compliance 
with that regulation. If such food meets the cri- 
teria set forth in 21 CFR § 1.18 and carries a 
nutrient label In compliance with that regulation, 
an advertisement may contain only those repre- 
sentations which are permitted under 21 CFR § 
1.18. 

(b) An advertisement shall not contain any 
representation that consumption of an advertised 
food or a serving thereof will prevent, mitigate or 
cure, or In any way contribute to the prevention, 
mitigation or cure of, heart or artery disease or 
any attendant condition. 

(c) An advertisement shall not represent that 
consumption of an advertised food or a serving 
thereof will not cause or help cause, or will not 
increase or help increase the likelihood or risk of, 
heart or artery disease or any attendant condition. 

1. What claims, if any, concerning food 
and heart or artery disease or any at- 
tendant conditions or the fat, fatty acid 
or cholesterol content of food, which 
are forbidden by 21 CFR §1.18 to be 
made in food labeling, should be per- 
mitted in advertising? Why should such 
claims be permitted in advertising but 
not in labeling? Is any such claim, even 
if literally true, likely to carry with it 
any additional implication(s) which 
would be deceptive or unfair? 

2. Is there any claim concerning food and 
heart or artery disease or any attendant 
condition which is not forbidden by 21 
CFR § 1.18 and which should be allowed 
in food advertising? 


*These sections are specific provisions which staff would 
include in those sections of Subpart B of the proposed 
rule where the Commission is not presently prepared to 
propose particular provisions. The Commission wishes to 
elicit comment on these provisions. 
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*§ 437.10 HEALTH AND RELATED CLAIMS. 

(a) An advertisement shall not contain a repre- 
sentation that: 

(1) A food, because of the presence or 
absence of certain vitamins and/or minerals, is 
adequate or effective in the prevention, cure, 
mitigation, or treatment of any disease or 
symptom. 

(2) A balanced diet of ordinary foods cannot 
supply adequate amounts of nutrients. 

(3) The lack of optimum nutritive quality of 
a food, by reason of the soil on which that food 
is grown, is or may be responsible for an In- 
adequacy or deficiency in the quality of the 
daily diet. 

(4) The storage, transportation, processing or 
cooking of a food Is or may be responsible for 
an inadequacy or deficiency in the quality of 
the daily diet. 

(5) A food possesses any dietary property 
when such property is of no significant value or 
need in human nutrition. Ingredients or pro- 
ducts such as rutin, or other bioflavonoids, 
para-aminobenzoic acid, inositol and similar 
substances which have not been shown to be 
essential in human nutrition shall not be repre- 
sented in any way which states or implies nu- 
tritional benefit. Ingredients or products of this 
type may be advertised as individual products 
or mixtures thereof; Provided, however, that 
the possibility of nutritional dietary or thera- 
peutic value is not stated or Implied. Examples 
of false or misleading statements or implica- 
tions are: 

(i) Statements to the effect that their need 
or usefulness in human nutrition has not been 
established. 


*These sections are specific provisions which staff would 
include in those sections of Subpart B of the proposed 
rule where the Commission is not presently prepared to 
propose particular provisions. The Commission wishes to 
elicit comment on these provisions. 


(ii) Statements which otherwise disclaim 
nutritional, dietary or therapeutic value. 

(6) A natural vitamin In a food is superior to 
an added or synthetic vitamin, or that there is a 
difference between vitamins, naturally present 
and those that have been added. 

(b) A food shall not be represented in ad- 
vertising as a ''health food" or as containing 
"health foods," or otherwise be depicted, 
described or designated by any term or demon- 
stration of similar import. 

1. What clainns, if any, concerning the nu- 
tritive or medical benefits allegedly 
resulting from the consumption of foods 
which are forbidden to be made in food 
labeling by 21 CFR § T.17(i) should be 
permitted in advertising? Why should 
such claims be permitted in advertising 
but not in labeling? Is any such claim, 
even if literally true, likely to carry with 
it any additional implication(s) which 
would be deceptive or unfair? 

2. What, if any, is the proper definition of 
the term ''health food"? If such a defini- 
tion exists, is it generally accepted 
(among scientists or nutritionists; among 
consumers) or is there confusion, mis- 
understanding or disagreement about it? 

3. What empirical evidence, if any, is there 
of consumer understanding of the term 
"health food"? If such evidence exists, 
does it show a consumer understanding 
consistent with any generally accepted 
definitions of those terms? 

4. If the term "health food" cannot be 
defined in a manner which will eliminate 
consumer misunderstanding, should its 
use in advertising be prohibited? 
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Recent Awards in Nutrition 


^OTOITiOil lyOT 


[ 


At the annual convention of the American 
I Medical Association, three of four major 
awards were made to physicians who have 
made major contributions to the field of 
; clinical nutrition. 

i Stanley Dudrick, M.D., Director of 
I Surgery at the University of Texas Medical 
School, Houston, received the Brookdale 
’f' Award in Medicine given to physicians 
j under the age of fifty. Dr. Dudrick was 
cited for his role in developing intravenous 
hyperalimentation. 

Ananda S. Prasad, M.B., Ph.D., Chief of 
Hematology at Wayne State University, 
Detroit, received the Joseph B. Goldberger 
Award for Clinical Nutrition. Dr. Prasad 
was cited for research on dysproteinemias, 
hematological disorders, and trace mineral 
metabolism. Dr. Prasad is a pioneer in the 
description of human zinc deficiency and is 
a leader in the field of trace element meta- 
bolism. He is editor of the two-volume 
Nutrition Foundation, monograph, 
; currently in press, entitled "Trace Elements 

i and Human Disease." 


! New FAO 

T “Food and Nutrition," a publication 
covering world developments in food 
policy and nutrition has been inaugurated 
by the Food and Agriculture Organization 
(FAO). The new review, to be published 
quarterly, will replace the FAO's "Nutri- 
tion Newsletter." 

"Food and Nutrition" will be prepared 
by the Food Policy and Nutrition Division 
of FAO. Most of FAO's activities are 
^ directed toward the production of and 
trade in foods and other commodities. The 
: Food Policy and Nutrition Division's role is 

I to integrate nutritional objectives into 
i these activities. 

I In announcing the inauguration of the 
I periodical, which is dedicated to Lord 


Rudolph H. Kampmeier, M.D., Professor 
of Medicine Emeritus at Vanderbilt Univer- 
sity, received the Dr. Rodman E. Sheen and 
Thomas E. Sheen Award, which is pre- 
sented to a U.S. physician for scientific 
accomplishment. This is the top award of 
the American Medical Association. Dr. 
Kampmeier was cited for his career as a 
dedicated physician, teacher, communi- 
cator and leader. Dr. Kampmeier's balanced 
career interests have included a continuing 
involvement in the field of clinical nutri- 
tion. He served th’e U.S. Armed Forces in a 
consultant capacity during and following 
the Second World War and as a senior 
member of a number of the nutrition sur- 
vey teams in Latin America and the Middle 
East, under the auspices of the Interdepart- 
mental Committee on Nutrition for 
National Defense (ICNND). His thoughtful 
argument for improvement of the teaching 
of nutrition in medical schools was set 
forth in a signed editorial in the Southern 
Medical Journal. 


Periodical 

Boyd Orr, first Director General of the 
FAO, Director General A. H. Boerma said, 
"the activities of the Food Policy and Nu- 
trition Division will acquire significantly 
increased relevance in the light of the 
World Food Conference and the marked 
attention it paid to the continuing blight of 
widespread hunger and malnutrition in the 
world." The entire first issue is devoted to 
the World Food Conference. 

The periodical will be published in 
English, French and Spanish. Subscriptions 
and inquiries are to be addressed to: Dis- 
tribution and Sales Section, FAO, Via delle 
Terme di Caracalla, 00100, Rome, Italy. 
Price per copy. Lit. 1650 ($2.64); per year. 
Lit. 5200 ($8.32). 
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Recent Books 




Immobilized Enzymes, Antigens, Anti- 
bodies, and Peptides. Edited by H. 
Weetail. Published by Marcel Dekker, 
Inc., 270 Madison Avenue, New York, 
New York 10016. Pp. 661. Price $38.50. 


Applied Nutrition, by R. Rajalakshmi. 
Second edition. Published by Mohan 
Primlani, Oxford & IBH Publishing Co., 
66 Janpath, New Delhi 110001, India. 
Pp. 548. Price $3.63. 



The Mayo Clinic Rena! Diet Cookbook, by 
J. C. Margie, C. F. Anderson, R. A. 
Nelson and J. C. Hunt. Published by 
Western Publishing Company, Inc., 850 
Third Avenue, New York, New York 
10022. Pp. 307. Price $10.00. This book 
provides the physician and his patient 
with basic diet plans of great flexibility. 
Many receipes are provided. 

The Promotion of Bottle Feeding by Multi- 
national Corporations: How Advertising 
and the Health Professions Have Contri- 
buted, by T. Greiner. M. C. Latham, 
Editor. Cornell International Nutriton 
Monograph Series, No. 2. Published by 
Cornell University. Copies may be ob- 
tained from: Dr. Michael C. Latham, 
Division of Nutritional Sciences, Savage 
Hall, Cornell University, Ithaca, New 
York 14853. Pp. 82. Price. $2.00. 

The Effect of Soils and Fertilizers on 
Human and Animal Nutrition, by W. H. 
Allaway. Agriculture Information Bul- 
letin No. 378. Published by Superinten- 
dent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402. 
Pp. 52. Price $.80. 


Body Dimensions and Proportions, White 
and Negro Children 6-11 Years, United 
States. Vital and Health Statistics, Series 
11, No. 143, DHEW Publication No. 
(HRA) 75-1625. Published by Health 
Resources Administration, DHEW, 
Rockville, Maryland 20852. Available 
from Superintendent of Documents, 
U.S. Government Printing Office, Wash- 
ington, D.C. 20402. Pp. 66. Price $1.30. 


Meeting Announcements 

The American Diabetes Association will be 
sponsoring two activities in October, 1975. 
A meeting on Perspectives in Current 
Diabetes Research will be held October 
16-17, 1975. The First Combined Health 
Care Professionals Course in Diabetes will 
be held October 17-19, 1975. For further 
information concerning either event 
contact: 

Ernest M. Frost, Ed.D. 

Executive Vice-President 

1 West 48th Street 

New York, New York 10020 



Special Notice 

Ail subscription inquiries, renewal requests and change of address notices 
for NUTRITION REVIEWS should be sent to: 

The Nutrition Foundation 

Office of Education 

888 Seventeenth Street, N.W. 

Washington, D. C. 20006 
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by Edith M. Carlisle, Ph.D. 




T he discovery of the "newer" essential 
trace elements in recent years has en- 
couraged reconsideration of elements that 
* were previously thought to be environ- 
mental contaminants. Silicon is one of 
these elements and it occupies a unique 
position. Next to oxygen, silicon is the 
most prevalent element on earth, and 
; crystalline silica in the form of quartz is the 
most abundant mineral in the earth's crust. 
To label it a trace element may require 
some adjustment in thinking. 

Although interest in the silica content of 
animal tissues and the effects of siliceous 
substances upon animals was evidenced 
over half a century ago, emphasis has been 
placed on the more deleterious aspects of 
i silicon metabolism. These include its effect 
upon forage digestibility, urolithiasis and 
especially pneumoconioses (silicosis) 
caused by dust inhalation. Several import- 
ant reviews on this work are available.^ 
The element occurs in nature as the 
oxide silica (Si 02 ) or the corresponding 
I silicic acids formed by the hydration of the 
I oxide. Orthosilicic acid (Si(0H)4) is the 
I simplest acid and the main form soluble in 
I water in amounts up to about 120 ppm. 
Supersaturation causes it to dehydrate and 
polymerize into complex and less soluble 
forms. 

Considering its slight solubility in water 
and its presence in most plants, it is not 


Dr. Carlisle is Associate Researcher in Nutritional 
and Environmental Sciences at the University of 
California School of Public Health, Los Angeles, 
California 90024. 

A limited number of reprints of this article may be ob- 
tained from the author. THERE ARE NO REPRINTS 
OF UNSIGNED REVIEWS. 


surprising that at least minute amounts of 
silicon may be found in most animal tissues 
and fluids. Nevertheless, the wide range of 
silicon content reported in animal tissues 
by some of the early French and German 
investigators probably reflects interference 
by phosphorus in the analytical method 
used (earlier work reviewed by King and 
Belt^). Microdetermination of silicon in 
biological tissues has been reported to be 
one of the most difficult problems in analy- 
tical chemistry. A satisfactory general 
colorimetric method has been developed 
for most biological tissues, of which there 
are several appropriate modifications. 

The highest levels of silicon are found in 
the epidermis and its appendages, and in 
connective tissues in general. The eggs of 
birds, milk and the fetuses of mammals 
have small but appreciable quantities. The 
blood of man and other mammalian species 
averages about 5 ppm, a level that is not 
significantly increased by the inhalation of 
silica dust. Dietary silicon supplements 
have been reported'^ to have little effect on 
the silicon concentration of cow's milk. 
Moderate increases have been obtained in 
rat's blood, however, after feeding silicon 
as sodium metasilicate and much higher 
levels have been reached after feeding or- 
ganic silicates.^ The blood appears capable 
of maintaining a considerably higher con- 
centration of organic than of inorganic 
silicate. The consistently low concentration 
of silica in most organs does not appear to 
vary appreciably during life. Parenchymal 
tissues such as liver, heart and muscle, for 
example, range from 2 to 10 ppm. The 
lungs are an exception. Varying amounts of 
silica entering the respiratory tract norm- 
ally cross the barrier of the lung as silicic 
acid which is eventually eliminated. Never- 
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theless, the lungs ordinarily accumulate 
large amounts of silicon from long con- 
tinued inhalation of finely particulate 
silica. 

Silicic acid in foods and beverages is 
readily absorbed across the intestinal wall 
and is rapidly excreted in the urine. Recent 
studies® on silicon absorption using intesti- 
nal ligature techniques showed that the 
level of silicon in blood and intestinal 
tissues of male and female rats is affected 
by age, sex, castration, adrenalectomy and 
thyroidectomy. 

Essential Element 

A series of experiments contributed to 
the establishing of silicon as an essential 
element beginning with in vitro studies on 
young bone, suggesting a physiological role 
for silicon in bone calcification processes. 
This was followed by in vivo studies show- 
ing an effect of silicon on the rate of bone 
mineralization. Of paramount importance, 
however, was establishing a deficiency state 
incompatible with normal growth, and the 
contrasting normal growth on a diet con- 
taining a silicon supplement, reported in 
1972.^’® Feeding a low silicon diet based 
on an optimal mixture of L-amino acids for 
the chick and using special trace element 
techniques, it was possible to show that 
silicon is required for normal growth and 
development. Increases of nearly 50 per- 
cent in growth rates in chicks were ob- 
served upon the feeding of silicon supplied 
as sodium metasilicate. The chicks on the 
deficient diet appear stunted. On subse- 
quent examination all organs appeared 
relatively atrophied. Macropathologic 
examination showed that the skin and 
mucous membranes were somewhat 
anemic. The deficient chick had no wattles 
and the comb was severely attenuated. 
Significantly retarded skeletal development 
was also evidenced by reduced circumfer- 
ence, thinner cortex and less flexible leg 
bones. The skulls were also smaller and 
abnormally shaped with the cranial bones 
appearing flatter. This effect of silicon on 
skeletal development supported earlier 
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findings that silicon is involved in an early 
stage of bone formation.® 

Silicon deficiency in rats also results in 
depressed growth and skull deformities.^® 
Chemically defined diets based on amino 
acids in place of protein were also used. 
The addition of 50 mg of silicon per 100 g 
of diet produced a 25 to 34 percent in- 
crease in growth rates. The skulls were 
shorter and the bone structure surrounding 
the eye appeared distorted. Pigmentation 
of the incisors was also affected. Silicon 
was only partly effective in preventing the 
impairment of pigment deposition. Signifi- 
cant effects on the incisor pigmentation 
were also produced by physiological levels 
of tin, vanadium or fluorine. 

Silicon, Calcium and Bone Calcification 

Earlier studies suggested a physiological 
role for silicon on bone calcification. In 
vitro studies showed the unique 

localization of silicon in active calcification 
sites in young bone. Furthermore, in the 
earliest stages of calcification in these sites, 
when the calcium content of osteoid tissue 
is very low, a direct relationship exists 
between silicon and calcium. Neither the 
initiating nor limiting factor in the mineral- 
ization of bone in the living animal is 
known. It has been thought that crystalliza- 
tion in matrices must occur on sites which 
form specific nucleation centers. Several 
recent investigators regarded calcium- 
binding as a most important and first event 
in calcification. It was suggested that sili- 
con may be associated with calcium in this 
process. 

Subsequent in vivo experiments with 
weanling rats^® also showed a relationship 
between silicon and calcium in bone for- 
mation. These experiments demonstrated 
that dietary silicon increases the rate of 
mineralization; this effect was particularly 
apparent under conditions of low calcium 
intake. A somewhat similar mechanism of 
action (in bone formation) has been 
demonstrated for vitamin A relation- 
ship has also been established between 
silicon, calcium, magnesium and fluorine in 
bone formation in the chick. 


Mucopolysaccharides 

A necessity for silicon has been estab- 
lished in articular cartilage and connective 
< tissue formation. Skeletal and other ab- 

I normalities involving mucopolysaccharides 

in formation of the cartilage matrix and 
connective tissue were found to be asso- 
ciated with silicon deficiency in the 
chick.^®’^® Tibial-metatarsal and tibial- 
femoral joints are smaller in the silicon- 
deficient chicks. The ends of the bones had 
less articular cartilage and were not as well 
formed. Analysis revealed that the bones of 
the deficient group had 35 percent less 
water and a significantly decreased pro- 
portion of mucopolysaccharides in the 
articular cartilage. Both the amount of 
cartilage and mucopolysaccharide content 
was considerably less in the silicon- 
deficient chicks. The total amount of 
collagen formed was also reduced. This 
same relationship established between 
silicon and mucopolysaccharides in carti- 
lage formation was confirmed in another 
type of connective tissue, the "target" 
connective tissue, the cock's comb. 

Further support for a role of silicon in 
mucopolysaccharide metabolism is the 
finding that silicon is an integral com- 
ponent of animal mucopolysaccharides and 
their protein complexes. The site of action 
of silicon in connective tissue metabolism is 
in the mucopolysaccharide-protein com- 
plexes of the ground substance. In higher 
animals the mucopolysaccharides, hyalu- 
ronic acid, xhondroitin sulfates and 
keratan sulfate are found to be linked cov- 
alently to proteins as components of the 
extracellular, amorphous ground substance 
that surrounds the collagen, elastic fibers 
and the cells. By extraction and purifica- 
tion of several connective tissues, silicon 
j has been shown to be chemically combined 
in the mucopolysaccharide fraction. The 
silicon content of the mucopolysaccharide 
protein complex extracted from bovine 
nasal septum, for example, is 87 ppm 
compared to 13 ppm in the original dried 
cartilaginous tissue. Analyses of individual 
purified mucopolysaccharides^^ show 
relatively high amounts of silicon in 


chondroitin sulfate A, dermatan sulfate, 
heparan sulfate and hyaluronic acid from 
sources such as the umbilical cord, and 
lesser amounts in chondroitin sulfate C, 
heparan and keratan-2 sulfate from carti- 
lage. On the other hand hyaluronic acid 
from vitreous humor and keratan-1 from 
cornea are very low. Silicon appears to be 
covalently bound to the polysaccharide 
matrix in these mucopolysaccharides prob- 
ably in an ester linkage, C-O-Si.^®’^^ The 
possibility of a polysaccharide-Si-ester 
linkage existing in biological material has 
also been reported by Heinen.^® 

The findings have important implications 
because apart from bone, cartilage and 
connective tissue formation, silicon must 
also participate in other processes in which 
mucopolysaccharides are involved. This 
includes growth and maintenance of con- 
nective tissues, as in embryonic develop- 
ment and wound healing. Degenerative 
conditions (such as atherosclerosis and 
osteoarthritis) and the overall aging process 
are also associated with significant changes 
in mucopolysaccharides. 

Aging 

It is not surprising then to find a re- 
lationship between silicon and aging in 
certain tissues. The silicon content of the 
aorta, skin and thymus is found to decline 
significantly with age. This contrasts with 
other tissues such as the heart, kidney, 
muscle and tendon which show little or no 
change. This relationship occurs in several 
species, including the rabbit, rat, chicken 
and pig.^ ® 

Similarly, in human skin, the silicon 
content of the dermis has been stated to 
diminish with age.^®’^° In contrast with an 
earlier finding,^ ^ French investigators^^ 
reported that the silicon content of the 
normal human aorta decreases considerably 
with age and, furthermore, that the level of 
silicon in the arterial wall decreases with 
the development of atherosclerosis. Of 
possible significance here is the report of 
another French worker® on changes in 
absorption and resulting levels of silicon in 
the blood and intestinal tissues of rats in 
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eluding ultracentrifugation demonstrate 
that silicon is concentrated in the cyto- 
plasm of the osteoblast in the mito- 
chondria. A quantitative relationship is 
established between silicon and calcium in 
the mitochondria where calcium is also 
concentrated. The accumulation of silicon 
and calcium in the cell and mitochondria 
occurs before any evidence of extracellular 
ossification. These findings add further 
support to the proposal that silicon plays a 
role in the initiation of the calcification 
process. 

Although the need for silicon is demon- 
strated for laboratory animals, there is no 
known corresponding need in man. It is 
probable, however, that silicon may have 
considerable implications in human nutri- 
tion, as past experience with other trace 
elements has demonstrated. □ 




relation to age, sex and various endocrine 
glands. It is suggested that the decline of 
hormonal activity in senescence may well 
account for the modifications in silicon 
observed in aged animals. 

Collagen Component 

Silicon is also shown to be a component 
of collagen to which some mucopoly- 
saccharides are attached. Because reduced 
amounts of collagen were found in silicon- 
deficient chicks, in vitro studies were 
undertaken to further investigate this 
silicon/collagen relationship.^^ Since the 
maturation and age of collagen is related to 
its solubility, undenatured collagen of 
young skin was completely fractionated 
into various solubility classes. Silicon was 
shown to be a component of collagen of all 
four fractions, suggesting that silicon may 
play a fundamental role in cross linking 
mechanisms of collagen formation. Anal- 
yses of a variety of collagens from different 
sources also showed silicon to be a bound 
component.^ 

In connective tissues the unique proper- 
ties of silicon atoms which lend themselves 
to macromolecular structure are evident. 
Silicon serves as an important crosslinking 
agent by forming links or bridges within 
and between individual polysaccharide 
chains and linking polysaccharide chains to 
proteins. In this way, silicon aids in the 
development of the architecture of the 
fibrous elements of connective tissues and 
contributes to its structural integrity by 
providing strength and resilience. 

In very recent studies, the cellular locali- 
zation of silicon has been demonstrated in 
the active bone cell, the osteoblast.^ 

Bone formation depends on the activity of 
osteoblasts which synthesize the organic 
matrix and presumably modify the calcifi- 
cation process. Evidence is accumulating to 
support the view that the osteoblasts, in 
addition to controlling matrix synthesis, 
also regulate the exchange of ions between 
the bulk extracellular fluids and those of 
mineralizing bone.^^ X-ray microanalysis 
of active growth areas in young bone and 
isolated osteoblasts and further studies in- 
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THE SOiViATOMEDINS AND GROWTH 


Recent studies showed that there are a number of somatomedins with different 
chemical and physiological properties. One of the somatomedins is reduced in 
renal failure and returns to normal after kidney transplantation. 


Key Words: somatomedin, sulfation factor, growth 
hormone, catch-up growth, renal failure, dental 
development. 

Despite the appreciation that the pituitary 
is necessary for normal growth since the 
turn of the century, pituitary growth hor- 
mone (GH) was first isolated only 30 years 
ago.^ Subsequent work demonstrated that 
GH is unusual among polypeptide hor- 
mones in showing marked species specifi- 
city. The effect of GH on the growth of 
skeletal tissue is also not by GH itself but 
by some other biologically active factor 
which has been descriptively named sul- 
fation factor (SF)^ because of its stimu- 
latory action on the incorporation of radio- 
active sulfate by the costal cartilage of 
hypophysectomized rats. With increasing 
sophistication of analytic and chemical 
techniques it has become apparent that 
there is not one but several GH-dependent 
serum factors. Recently the term somato- 
medin (SM) has been proposed as a generic 
term for any GH-dependent substance that 
mediates the action of GH.^ To date at 
least three somatomedins have been 
described with different chemical and 
biologic properties. Somatomedin A stimu- 
lates sulfate uptake by chick cartilage. 
Somatomedin B stimulates the growth of 
human glia cells in vitro. Somatomedin C is 
a more basic peptide than A or B and 
stimulates rat cartilage sulfate incorpora- 
tion. 

Hall and Filipsson^ recently reported on 
the correlation between somatomedin A in 
serum and the somatic growth of both 
normal and abnormal children. The serum 
somatomedin concentration is determined 
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by bioassay. The technique involves the 
measurement of the incorporation of radio- 
active sulfate into embryonic chick carti- 
lage and the comparison to an arbitrary 
reference' standard from one healthy adult 
male. Sixty-six children were studied in all. 
Seventeen were selected at random from a 
larger group of healthy school children. 
They were examined annually from seven 
to 1 6 years for their anthropometric 
development. The remaining children were 
divided into three groups on the basis of 
their height at the age of eight years. 
Twenty-nine were short, being more than 
two standard deviations below the appro- 
priate mean. They included 12 pituitary 
dwarfs and a variety of other diagnoses. 
Nine children were tall by analogous cri- 
teria but were otherwise healthy. The 
remainder were of normal stature but could 
not be defined as healthy because they had 
been admitted to the hospital for investiga- 
tion of tall stature, delayed puberty or 
hypogonadism. 

Although the children were measured 
repeatedly for a number of years only one 
serum somatomedin on each child was re- 
ported. The age at which the blood sample 
was taken was not stated although the 
authors report a significant negative corre- 
lation of somatomedin with age. They 
appreciate the invalidity of mixing dif- 
ferent clinical groups, however, because 
they point out that the hypopituitary 
children were both the oldest and those 
with the lowest serum somatomedin. When 
they were omitted from analysis, no corre- 
lation of somatomedin with age was ob- 
served. 





An interesting concept of dental ma- 
turity was used in other analyses. The 
leruption of the permanent teeth was 
measured repeatedly. The chronological age 
(A) at which a reference point on the 
eruption curve was reached was used for 
correlation with other variables. At age A 
all children were of equivalent dental 
maturity. Therefore the function 1/A is an 
estimate of the velocity of dental develop- 
ment. Serum somatomedin levels correlated 
very well {P<0.001) with 1/A whether or 
not GH-deficient children were included in 
the analysis. 

The authors reported that mean soma- 
tomedin levels in the children who were 
defined as short, normal or tall at the 
chronological age of eight years differed 
significantly. When height at eight or nine 
chronological years of age was plotted 
against somatomedin there was a positive 
correlation. Somatomedin also correlated 
positively with the growth velocity in the 
chronological year before the reference 
point of dental development was achieved. 
The biological significance of these obser- 
vations is hard to interpret because of the 
mixed clinical nature of the sample studied 
and the fact that the serum in which the 
somatomedin was measured was taken at 
an undefined and often very different age 
than the measurements with which it was 
being correlated. One appreciates the prob- 
lems facing an investigator wishing to study 
something so difficult to measure as soma- 
tomedin. Until more basic facts are estab- 
lished, however, such as the variation of 
somatomedin with age, cross sectionally 
and longitudinally, in a sample of normal 
children, data such as those presented by 
Hall and Filipsson remain difficult to in- 
terpret. 

The association between dental and 
height development is interesting. It may 
be further used with profit as an index of 
growth in subjects with stunted growth per- 
haps for orthopedic reasons. The possibility 
also exists that dental development may be 
a more precise marker of growth than bone 
age, at least in the second half of child- 
hood. If the association between dental 


velocity and serum somatomedin is sub- 
stantiated it may indicate that soma- 
tomedin levels, unlike those of GH, are 
relatively constant within an individual and 
that a random value gives a measure of the 
individual's growth rate over a number of 
years. 

Another study by Saenger and his col- 
leagues^ investigated the effects of treat- 
ment of endstage renal disease on growth 
and somatomedin levels in a group of nine 
boys between the ages of seven to 16 years. 
This was a complicated type of patient to 
study as growth failure in renal disease is 
known to be partly nutritional® and partly 
related to immunosuppressive therapy after 
transplantation. Nevertheless children re- 
ceiving renal transplants are of special 
interest as the kidney is one of the postu- 
lated sites of somatomedin production. At 
the time of study the boys had survived 
between nine months and five years after 
transplantation. All were receiving pred- 
nisolone and azothioprine maintenance 
therapy. 

The renal response to transplantation 
was variable. Four boys had good kidney 
function during the post-transplant year in 
which growth was measured with creatinine 
clearance values between 40 and 90 ml per 
minute per 1.73 m^. Another four were 
characterized by low creatinine clearances. 
The last boy had a biphasic response with 
good renal function for two years followed 
by graft rejection. At the time of transplant 
all the children were growth retarded, being 
on or below the third percentile. Post- 
transplant growth was measured as a func- 
tion of chronological age and velocity as a 
function of bone age at the time of study. 
Growth rate increased after the operation 
in four and remained unchanged in four 
others. It followed a biphasic pattern in the 
boy who had a biphasic renal response. 
Growth and renal improvement did not 
match exactly; one child had poor renal 
function in the accelerated growth group 
and vice versa. 

Serum somatomedin activity was meas- 
ured by the in vitro uptake of radioactive 
sulfate by pieces of costal cartilage from 
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hypophysectomized rats using a pool of 
serum from ten healthy adult males as a 
reference standard. The authors appre- 
ciated that high inorganic sulfate levels in 
uremic sera would influence their assay 
results and made corrections for this vari- 
able. They did not consider the possible 
effects of other metabolites or drugs such 
as the steroids which might be expected to 
affect incorporation of sulfate by cartilage. 
Despite these problems the results of serum 
somatomedin assay were remarkably uni- 
form. They were reduced in all boys pre- 
transplant (mean ± ISD, 0.39 ± 0.10 units 
per milliliter) and rose after transplantation 
65 percent or more to values within the 
normal range (0.84 ± 0.15). The post- 
transplant somatomedin level did not cor- 
relate significantly with creatinine clear- 
ance suggesting that renal function does 
not have a controlling effect on serum 
somatomedin. Somatomedin levels did 
correlate positively with growth rate post- 
transplantation. The complexity of the 
interrelationships is illustrated by the fact 
that growth velocity also correlated with 
creatinine clearance, however, it correlated 
negatively with the prednisolone dosage. 
The nine boys had normal growth hormone 
responses to arginine plus insulin stimul- 
ation but neither basal nor maximum 
plasma growth hormone levels were related 
to growth rate. 

Besides illustrating the complexity of 
growth control in renal disease, this study 
demonstrated for the first time the de- 
pression of serum somatomedin in renal 
failure and its normalization following 
transplantation. The authors concluded 
with justification that the growth failure of 
endstage renal disease may be due in part 
to low serum somatomedin activity. The 
restoration of somatomedin after trans- 
plant is a necessary but not a controlling 
factor for the resumption of growth. 

A methodological study by Yalow and 
her co-workers^ demonstrates again the 
complexity of this group of molecules in 
both their biologic characteristics and their 
measurement'; I'n » describing a radio- 
immunoassay for somatomedin B the 
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authors also clearly indicate the direction 
in which further work in this .field is 
needed. Somatomedin B is a somatomedin 
which has similar chemical properties to 
somatomedin A but stimulates DNA 
synthesis in human glia like cells. Small 
amounts were obtained from human 
plasma through a human growth hormone 
extraction laboratory. They were used to 
raise antisera, as standards and to prepare 
radioiodine-labeled somatomedin. A con- 
ventional radioimmunoassay was then de- 
veloped with charcoal separation. This was 
capable of detecting approximately 25 pg 
immu noreactive somatomedin B per milli- 
liter. Because of the normal plasma con- 
centration in man, the assay is capable of 
detecting somatomedin in normal human 
plasma at dilutions of 1:20,000 or greater. 
No immunoreactive material was found in 
guinea pig, mouse, rat, cow, dog, sheep, pig 
or rabbit plasmas diluted 1:20. Soma- 
tomedin B was detected, however, in 
monkey plasma diluted 1:5000. In 12 
normal human male subjects the fasting 
plasma somatomedin B level ranged from 4 
to 20 Mg per milliliter. Radioactive soma- 
tomedin B did not bind to antisera raised 
against insulin or growth hormone. No 
immunoreactive somatomedin B was de- 
tected in samples of somatomedin A, C or 
nonsuppressible insulin-like activity 
(NSILA). Acromegalic subjects had levels 
of somatomedin B approximately three 
times greater than those of hypopituitary 
patients. 

Gel filtration of unextracted human 
plasma revealed that somatomedin B eluted 
in the region of gamma globulin. On paper 
electrophoresis both purified somatomedin 
B and somatomedin B added to guinea pig 
plasma migrated in the intra-a-globulin 
region. Starch gel electrophoresis of human 
plasma showed, however, most of the 
endogenous somatomedin B remaining at 
the origin indicating its binding to a human 
serum protein. The sedimentation charac- 
teristics of somatomedin B in plasma on 
ultracentrifugation also indicate that it is 
bound to a gamma globulin. In contrast, 
purified somatomedin B added to guinea 




pig plasma sedimented more slowly than 
labeled albumin and at a rate similar to that 
of insulin. 

Turnover studies were performed by 
injecting unextracted human plasma soma- 
tomedin B from gel filtration intravenously 
into a dog. Plasma removed from the 
animal at intervals after injection had 
somatomedin B elution characteristics 
similar to those of the original human 
plasma indicating no appreciable binding 
by canine serum proteins. Somatomedin B 
did not have a simple exponential clearance 
T^' from the dog's circulation but the 30 to 90 
minute postinjection period approximated 
an exponential decay with a half-life of 50 
to 60 minutes. 

; These findings allow a number of in- 

I teresting deductions to be made. A central 
question concerning somatomedins is 
whether they are subunits of growth hor- 
j mone or molecules made in other cells such 
as hepatocytes under the influence of 
, growth hormone. The failure of soma- 
tomedin B to react with growth hormone 
antisera does not mean that it is necessarily 
a separate molecule as the antigenic sites of 
growth hormone might be destroyed or 
distorted during transformation into soma- 
tomedin. The persistence of somatomedin 
j B in the serum of hypopituitary subjects in 
whom growth hormone is undetectable, 
; however, is in favor of it being synthesized 
from a different source. Further evidence 
I for this comes from the relative plasma 
concentrations of somatomedin B and 
growth hormone. The thousand-fold 
I greater concentration of somatomedin 

i would be compatible with its origin in 

j growth hormone only if the turnover time 

: were many times longer than that indicated 

I from the canine study. 

] The paper of Yalow and her colleagues 

clearly shows how research on the soma- 
ki:- tomedins is inhibited until an assay system 
with the speed, precision and sensitivity of a 
radioimmunoassay is developed. With such 
a tool not only can essential biochemical 


information be gathered relating to the 
size, association and kinetics of a soma- 
tomedin but the tool is available to meas- 
ure fundamentals such as the change in 
plasma somatomedin as a function of age 
and sex in normal individuals. Studies 
based on bioassay, such as the first two 
reviewed here, are subject to a variety of 
problems including the difficulty of com- 
paring the results of one laboratory with 
those of another. They do have a limited 
use, however, in the collection of qualitat- 
ive and semiquantitative information such 
as the changes in the same person as a re- 
sult of renal transplantation. □ 
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ZINC DEFICIENCY IN SICKLE CELL DISEASE 


Clinical and biochemical symptoms of zinc deficiency are found in sickle 
cell disease. The symp toms respond to large doses of oral zinc suggesting 
that zinc supplementation may be beneficial in this disease. 


Key Words: sickle cell anemia, zinc deficiency, 
zinc.therapy 

The severity of the anemia of sickle cell 
disease depends on such factors as the kind 
and amounts of abnormal hemoglobin in 
each red blood cell, the total size of the red 
cell population and the number of cells 
which are capable of sickling. Oelshlegel et 
al.^ showed that zinc can increase the 
oxygen affinity of both normal and sickle 
red blood cells, possibly through mediation 
of a hemoglobin binding mechanism. Thus, 
a deficiency of zinc may intensify the 
effects of the anemia of sickle cell disease. 

It has been suggested that some patients 
with sickle cell anemia (SCA) are zinc 
deficient. They have low red blood cell zinc 
concentrations,^ possibly as a result of con- 
tinuous hemolysis since zinc is present in 
high concentrations in erythrocytes. Prasad 
et al.^ noted that patients with SCA 
generally exhibit many clinical features 
similar to those observed in zinc deficiency. 
Zinc nutriture was examined in 18 men and 
18 women, between the ages of 15 to 69 
years, in whom diagnosis of SCA was estab- 
lished by history, physical examination and 
hematological studies. Hypogonadism and 
growth retardation were commonly seen in 
the SCA patients. Thirteen of 18 men with 
SCA manifested signs of hypogonadism, 
characterized by decreased or absent facial, 
axillary, chest and pubic hair and delayed 
onset of puberty. Only four females 
showed signs of gonadal dysfunction as 
indicated by retarded onset of menarche 
and menstrual abnormalities. Growth re- 
tardation and weight deficit as compared 
with data from the Ten State Nutrition 
Survey were observed in all the men and in 
14 women. 
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Erythrocyte zinc concentrations of SCA 
patients were significantly lower, 35.2 pg, 
than those of controls, 41.7 jug per gram 
hemoglobin. Four SCA patients over 30 
years of age had normal values. Levels of 
carbonic anhydrase, a zinc metalloenzyme 
whose synthesis is dependent upon zinc 
availability, correlated significantly with 
erythrocyte zinc levels. 

Plasma zinc concentrations were also 
significantly lower in SCA patients as com- 
pared with controls ( 1 02 mQ per 1 00 ml and 
1 1 2 Mg per 1 00 ml, respectively) as was the 
zinc concentration in the hair. Plasma 
ribonuclease activity was significantly 
higher in SCA patients as compared with 
controls, as would be expected in zinc de- 
ficiency. 

In contrast, these patients who should 
have zinc-depleted tissues, had much higher 
urinary zinc excretion than controls; 739 
Mg per gram creatinine and 495 pg per gram 
creatinine, respectively. The authors sug- 
gest that increased amounts of zinc were in 
the filtrate arising from continued 
hemolysis. However, plasma zinc was low 
in these subjects, and thus, it seems un- 
likely that increased filtration of zinc could 
cause such an increased urinary excretion. 
Impaired tubular reabsorption or increased 
tubular secretion of zinc seem to be more 
likely explanations. Anemia, per se, was 
not responsible for the apparent zinc de- 
ficiency since patients with iron and folate 
deficiencies had significantly higher plasma 
and erythrocyte zinc concentrations than 
the controls. No explanation for these 
higher values was given by the authors. 

A limited test of zinc therapy was con- 
ducted involving daily oral administration 
of zinc sulfate (660 mg, more than 20 



times the RDA for zinc) to seven men and 
two women with SCA. Two 17-year-old 
males gained in height during zinc therapy; 
one gained 5 cm in 49 weeks and the other 
7 cm in 42 weeks. Eight of these nine 
patients also gained in weight with only 
one patient, a female, losing 0.5 g. In- 
creased growth of body hair in males with 
SCA also occurred during zinc administra- 
tion. 

Leg ulcers, present in about 75 percent 
of patients with SCA, have been reported 
by Serjeant et al."^ to respond to oral zinc 
sulfate. In the aforementioned study by 
Prasad et al.,^ of the three patients with 
chronic leg ulcers complete healing was 
observed in one and some improvement of 
the ulcers of the two other patients was 
observed. 

Plasma zinc concentrations increased sig- 
nificantly during zinc administration 
whereas only slight increases in erythrocyte 
zinc and carbonic anhydrase levels were 
observed. Plasma ribonuclease activity was 
decreased, but not significantly. 

The finding that zinc therapy caused 
apparent symptomatic improvement in the 


clinical signs of sickle cell disease suggests 
that zinc supplementation may be bene- 
ficial in treating SCA patients. As the 
authors mention, however, the long-term 
effects of such high dosages of zinc need to 
be evaluated and confirmation of these 
findings is needed. □ 
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CELL-MEDIATED IMMUNITY TO GLIADIN WITHIN 
THE SMALL-INTESTINAL MUCOSA IN CELIAC DISEASE 

Cuitures of jejunai biopsy specimens support the hypothesis that iocai 
ceil-mediated immunity to oz-gliadin is responsibie for viiious 
atrophy and crypt hyperplasia in celiac disease. 


Key Words: celiac disease, cell-mediated im- 
munity, cx-gliadin 

Celiac disease is characterized by diffuse 
involvement of the entire small bowel with 
villous atrophy and obvious crypt hyper- 
plasia which prevent proper absorption.^ 
Despite the well recognized positive results 
afforded by treatment with a diet devoid of 
wheat products, the etiology of celiac 
disease remains elusive.^ The gliadin 
moiety of wheat gluten has been shown to 
be responsible for the symptoms associated 


with celiac disease,^ but the mechanism of 
its action has only been speculated. Two 
theories are proposed, one links celiac 
disease to the absence of a critical enzyme 
in the jejunum and the other suggests that 
the jejunum in celiac disease is more sus- 
ceptible to antigenic reaction to gliaden 
causing submucosal lesions.^ Early re- 
ports emphasized the importance of 
humoral immunity in the later mechanism 
possibly since procedures for determining 
antibody production were more estab- 
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lished. Specific circulating antibodies have 
been repeatedly detected in celiac di- 
sease.'*^’^ More recently increased intra- 
epithelial lymphocyte counts have also 
been shown to parallel the jejunal mucosa 
destruction in untreated celiac disease.® 
This has suggested an additional cell- 
mediated immune reaction whereby sensi- 
tive leukocytes release a substance noxious 
to the surrounding medium which initiates 
ultrastructural abnormalities in the jejunal 
mucosa. Allograft rejection by the small 
bowel and Nippostrongylos brasiliensis 
infection® in mice involve both villous 
atrophy and crypt hyperplasia and are 
induced by immunological factors known 
to be of cellular origin. Verification of a 
similar cell-mediated immunological phe- 
nomenon in celiac disease could provide an 
important link between these conditions 
and other diseases involving abnormal 
changes in subepithelial morphology as- 
sociated with lymphoid cell hyperinfiltra- 
tion. 

To date, little progress has been made to 
determine the role of cell-mediated im- 
munity in celiac disease using only meas- 
urements of peripheral-blood lymphocyte 
concentrations in response to a gluten 
challege. Ferguson et al. recently measured 
some lymphocyte functions in tissue cul- 
tures of jejunal mucosa of patients with 
celiac disease.® Jejunal biopsy specimens 
were cultured both with and without 
a-gliadin antigen. The medium from these 
cultures was incubated with normal human 
leukocytes in leukocyte-migration chambers 
and migration of leukocytes was measured. 

No inhibition of migration was seen 
when gliadin was not present in the culture 
medium of 43 of 44 controls for the celiac- 
afflicted patients. When a-gliadin was 
added to the culture medium, significant 
migration-inhibition was seen in all six per- 
sons having untreated celiac disease. No 
change in migration was detected, however, 
in cultures from control patients or from 
the patients whose celiac disease was being 
treated by a gluten-free diet. 


Ferguson et al. suggested that a lympho- 
kine, which is secreted by the lymphocytes 
upon specific antigentic stimulation with 
oc-gliadin and is normally a mediator of cell- 
ular immunity, in celiac disease acts as an 
instigator of delayed hypersensitivity. The 
implications are that humoral and/or other 
antigenic factors may also be involved. 

As this is a preliminary communication, 
continued effort to link cell-mediated im- 
munity and celiac disease seem to be guar- 
anteed. Such investigations not only aid in 
elucidating the disease process but also are 
prerequisites to the development of work- 
able assay methods. □ 
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HYPERVITAMINOSIS E AND COAGULATION 

Coagulopathy has been associated with excess vitamin E ingestion. It is 
postulated that the observed coagulopathy is a result of the direct 
interference of vitamin E with vitamin K activity. 
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Key Words: coagulopathy, hypervitaminosis E, 
ecchymoses, prothrombin time, hematoma 

In recent years few vitamins have received 
more attention than has vitamin E. This fat 
soluble vitamin has been prescribed in large 
doses for a variety of disorders ranging 
from cardiovascular disease to muscular 
dystrophy.^ In addition to prescribed 
clinical use, the vitamin is widely consumed 
by the public for less well-founded reasons. 
The vitamin is readily available since its 
purchase does not require a prescription. 
Although it is currently popular to con- 
sume massive doses of this vitamin, little 
work appears to have been done on the 
effects of excess vitamin E. To date vitamin 
E is presumed to be essentially nontoxic to 
animals and humans.^ 

The available information on possible 
toxic effects of vitamin E is somewhat con- 
tradictory. Mellette and his colleagues^ re- 
port that the addition of large amounts of 
vitamin E to the diet of rats fed non- 
irradiated and irradiated beef diets, in- 
creased mortality and coagulopathy as evi- 
denced by depressed prothrombin levels. 
More recently, March and co-workers'* also 
reported that clotting time was lengthened 
in chicks fed high levels of vitamin E in the 
diet. In contrast Dymsza and Park^ recently 
reported no adverse effects to rats fed 50 
times the normal allowance of vitamin E, 
and Farell et al.® concluded from their 
study of men habitually consuming 100 to 
800 lU vitamin E per day, that megavitamin 
E supplements produced no apparent toxic 
effects as measured by screening of several 
parameters including coagulation. 

Although serious clinical effects of 
hypervitaminosis E were not reported in 


the preceeding studies, Corrigan and S 

Marcus^ observed prolonged prothrombin [ 

time and ecchymoses in one 55-year-old i 
male patient who was taking warfarin I 
sodium and clofibrate concomitant with [• 
self-administration of up to 1200 lU of 
vitamin E per day. After discontinuation of 
the warfarin and vitamin E they observed a 
clearing of the ecchymoses and a reduction 
in the prothrombin time which was main- 
tained when warfarin treatment was rein- 
stituted. 

After the patient's clinical and hema- 
tological status stabilized for two months, r 
the investigators challenged the patient j 
with 800 ID per day of vitamin E for 42 
days. During this period he continued to | 
receive 2.5 to 5 mg daily of warfarin 
sodium and 2 g daily of clofibrate. 

A progressive increase in prothrombin 
time was observed throughout the test i- 
period. Simultaneously, levels of the vita- 
min K-dependent coagulation factors de- f 
dined reaching their lowest point by the | 
42nd day of vitamin E ingestion. On the 
42nd day multiple ecchymoses and a | 
hematoma appeared, at which time vitamin 
E treatment was discontinued. 

One week after vitamin E was 
discontinued, prothrombin time and levels j 

of the coagulation factors returned to the |! 
levels established prior to initiation of vita- ji 
min E therapy. With the restoration of 
normal coagulation, there was concomitant 
cessation of all clinical evidence of hemor- ii 
rhage. ij 

The investigators suggested that since 
warfarin is known to depress levels of vita- j 
min K-dependent coagulation factors, and ; 

that clofibrate potentiates the warfarin i 
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effect, a syngerism between ciofibrate and 
vitamin E may explain the coagulapathy. 
Animals treated with ciofibrate, however, 
tend to have low serum levels of vitamin E 
arguing against a synergistic effect. It is also 
possible that an interaction between 
warfarin and vitamin E occurs. Warfarin is 
partially metabolized by oxidative enzymes 
in the liver; vitamin E, being an antioxi- 
dant, could interfere with the degradation 
of vyarfarin. However, this also does not 
appear to be the case since plasma warfarin 
levels remained virtually unchanged during 
the test period. Thus, this data and current 
knowledge of these drugs does not support 
the thesis that the vitamin E toxicity was 
drug induced, but rather that there is a 
direct interference of vitamin E with vita- 
min K activity. This suggestion is sup- 
ported, in part, by the observation that 
vitamin K-deficient animals treated with 
vitamin E have further depression of vita- 
min K-dependent factor levels. 

In view of the interesting observations of 
these investigators and the fact that the 
recommended intake of vitamin E is greatly 
exceeded in many situations, the possibility 


of adverse responses to excess vitamin E 
cannot be disregarded. □ 
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ORAL FEEDING VERSUS TOTAL PARENTERAL 
NUTRITION IN LOW BIRTHWEIGHT INFANTS 

There was no significant difference in neonatal mortality and morbidity 
between infants receiving total parenteral nutrition (TPN) and controls who 
were fed "humanized" milk by continuous nasogastric drip. 


Key Words: total parenteral nutrition, low birth 
weight infants 

The provision of adequate nutrition is a 
major problem in the management of new- 
borns of low birthweight. Animal studies 
suggest that neonatal malnutrition can 
cause permanent retardation of brain de- 
velopment. It is even more imperative to 
provide adequate nutrition to the small 
birthweight infant who has a reduced store 
of nutrients. Cornblath et al.^ found that 
intravenous sugar and amino acid solutions 
did not result in significant weight gain in 
such infants, possibly because calorie in- 


take was limited by the amount of water 
which could be infused. Higgs etal.^ postu- 
late that if increased amounts of energy 
could be given parenterally the improved 
utilization of amino acids and positive 
nitrogen balance would result in better 
weight gain.^ Wilmore and Dudrick^ suc- 
cessfully treated infants by total parenteral 
administration of protein hydrosylate, 
electrolytes, hypertonic glucose and vita- 
mins using an indwelling venous catheter 
(TPN). 

Recently TPN was compared with con- 
tinuous nasogastric drip (oral) in the treat- 


270 NUTRITION REVIEWS I VOL. 33, NO. 9 / SEPTEMBER 1975 





1 

*. 

r 


I 

! 


ment of low birthweight infants.^ A 10 
percent invert sugar solution was begun 
two hours after birth, first by scalp vein 
infusion and thereafter at 6-12 hours by 
umbilical catheter. After 24 hours oral or 
parenteral nutrition was commenced. Two 
groups of 43 infants were randomly se- 
lected to receive either oral feeding or TPN. 
The oral group was fed full-strength 
"humanized" milk. The milk infused the 
first three days was supplemented inter- 
venously with 10 percent sugar. Intakes of 
166 kcal and 3.2 g protein per kilogram of 
body weight per day were reached by the 
fifth day. 

The TPN group received no oral feeding 
for ten days, but received parenteral fluids 
(casein hydrolysate, fat emulsion and dex- 
trose) by continuous umbilical arterial in- 
fusion. By the fourth day, maximum in- 
takes of 136 kcal per kilogram of body 
weight and 3.2 g protein were reached. The 
entire system, except the arterial catheter, 
was changed daily until day 10 at which 
time oral full-strength "humanized" milk 
feeding was initiated. Both groups received 
routine oral milk and nursery care for the 
next 14 to 28 days. 

The mortality rate for both treatments 
was high with pneumonia, septicemia, 
apnea and enteritis being the most common 
form of morbidity. In the oral group mor- 
tality was 14 percent, while in the TPN 
group mortality was 20 percent. The added 
risk of infection from the indwelling cath- 
eter with TPN® apparently was not a prob- 
lem with the short period of parenteral 
nutrition used in this study. 

Though results of biochemical analysis of 
serum and urine were not included, serum 
sodium potassium chloride, calcium phos- 
phate, blood urea, serum osmolarity, total 
protein, albumin, globulin and SCOT were 
all reported to be within normal limits. 
Serum cholesterol and plasma amino acid 
levels were significantly increased during 
TPN and returned to normal when dis- 
continued. Ghadmi et al.® also reported 
high levels of amino acids and particularly 
of methionine, but no harmful effects of 


abnormally high levels of amino acids or 
unbalanced amino acid ratios caused by 
administration of protein hydrosylates have 
been proven.® 

The authors found no significant dif- 
ference in weight gain between the two 
groups. Unfortunately, a strict comparison 
is not possible since the infants were not 
given comparable diets. The diet of the oral 
group contained more calories, carbo- 
hydrate, .fat and ash than that of the TPN 
group. The fact that the TPN caused the 
same weight gain although it provided 
fewer calories may indicate more efficient 
food utilization with TPN. 

Although there is an urgent need for 
making TPN benefits available to low birth- 
weight infants, ideal parenteral solutions 
may not be available. Nutritional needs 
may be significantly different when food is 
given parenterally instead of orally; and the 
possible detrimental effects of the altered 
blood amino acid pattern and elevated lipid 
and cholesterol levels resulting from ad- 
ministering such solutions as used in this 
study should be determined. □ 
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A Survey of the Incidence and Types of Thyroid 
Enlargements in the Schoolgirls of Akron (Ohio), 
from the 5th to the 1 2th Grades, 
Inclusive— The Plan of Prevention Proposed. 

By David Marine, M.D., and 
O. P. Kimball, B.S., Cleveland, Ohio 
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Simple goiter in animals is probably the easiest of aU known diseases 
to prevent. Simple goiter includes aU the thyroid enlargements seen 
in the lower animals and those thyroid enlargements seen in man, 
except cases properly classified as exophthalmic goiter. Many cases 
with simple goiter later develop exophthalmic goiter. In brief, simple 
goiter includes all those thyroid enlargements formerly classified as 
endemic, epidemic and sporadic. The periods when it most fre- 
quently develops are (1) fetal, (2) adolescent, and (3) during 
pregnancy. 
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It will not be possible to review all the experimental data on which 
the assertion, that simple goiter in animals is an easily preventable 
disease, is based. Certain of the more important facts bearing on the 
subject will be summarized as an introduction to the discussion of 
the means proposed to attempt the prevention of simple goiter in 
man. 


1. The developmental stage of all goiters is characterized by an 
increased blood flow, an increase in the size and number of epithelial 
cells, a decrease in the stainable colloid of the foUicular spaces and a 
marked absolute decrease in the iodine content. The decrease in 
iodine preceeds the cellular changes. 

2. Similar thyroid changes (compensatory hyperplasia) invariably 
occur in the remaining portion of the gland when a sufficient portion 
of the entire gland is removed. The amount of gland it is necessary to 
remove in order to cause compensatory hyperplasia varies somewhat 
with the species of animal, definitely with the age, the diet, and the 
presence of iodine. 

3. The administration of exceedingly small amounts of any salt of 
iodine thus far tried in any manner completely protects the 
remaining thyroid against compensatory hyperplasia, even after the 
removal of three-fourths of the normal gland in cats, dogs, rabbits 
and rats, fowls and pigeons. 

4. We have repeatedly found that a milligram of iodine given at 
weekly intervals is sufficient to prevent thyroid enlargement, 
although other pups of the same litter, living in the same kennel, and 
eating the same food, regularly developed goiter. 

5. Tire thyroid gland has an extraordinary affinity for iodine, as 
can readily be shown by perfusion experiments in vitro or by 
injecting small amounts— 5 to 20 mg. KL— into the circulation. 
Experimentally then the proof is sufficiently complete to demon- 
strate the underlying principles of goiter prevention in animals and 
the ease with which they can be apphed. From the practical 
standpoint, the first instance of preventing goiter on a large scale was 
accidental and in connection with the sheep raising industry of 
Michigan. Prior to the discovery of salt deposits around the Great 
Lakes, the future of the industry seemed hopeless, but with the 
development of the salt industry and its use by the sheep growers, 
goiter rapidly decreased. The salt contains appreciable quantities of 
both bromine and iodine and in places these elements are extracted 
on a commercial scale. The second instance of goiter prevention on a 
large scale was in brook trout. Some years ago the development of 


goiter in artifically raised members of the salmon family became 
alarming and many plants were abandoned on account of the disease. 
After considerable work, which led to the conclusion that the disease 
was simple goiter, we were able to completely prevent the disease m 
several hatcheries by the use of vary small amounts of tincture of 
iodine added to the water. 
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In spite of tliis knowledge of the ease and simplicity of goiter 
prevention in the lower animals, we know of no instance where the 
attempt has been made to systematically prevent or control the 
disease in children in large communities, especially those of the Great 
Lakes Basin, where goiter is so prevalent. Locally, we have been 
carrying out preventive treatment for the past six years at the 
Lakeside Hospital Medical Dispensary and have urged local physi- 
cians to do so in their private practices. A great deal has been 
accomplished in this way, but as it is a public health matter, the most 
practical and economic method would be to utilize the Public School 
System and the Board of Health. When the Medical Inspection of 
Schools is more or less independent of the Board of Health, it would 
be carried out through the Medical Director of Schools. This year it 
has been possible to begin such work on a large scale in the city of 
Akron, through the cooperation of the Superintendent of Schools, 
the Board of Education, and the County Medical Society. 

It was decided for the present to limit the prophylactic work to 
the girl pupils, since adolescence is the most important goiter 
developing period and since at this period it occurs about six times 
more frequently in girls than in boys. 

The plan now in operation was arranged from the standpoint of 
simplicity, practicability, economy, and the possible scientific value 
of the data obtained. Changes will doubtless be made as the work 
progresses. First a census of the condition of the thyroid gland was 
taken of all girls between the 5th and 1 2th grades. 

We have, therefore, arbitrarily selected to use 2 gm. sodium iodide, 
given in 0.2 gm. doses each school day, for each pupil in the 5th, 6th, 
7th, and 8th grades; and 4 gm. given in 0.4 gm. doses each school day 
for each pupil in the 9th, 10th, 11th, and 12th grades. These 
amounts will be given twice annually about the first of May and 
December, at the schools by the teachers or nurses. 
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Analysis of the Thyroid Examinations. —Three thousand eight 
hundred and seventy-two girls of the 5th, 6th, 7th, 8th, 9th, 10th 
11th and 12th grades were examined and the general result is giver 
in the following tabulation. 
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TABLE III. 


CONDITION OF THYROID ARRANGED ACCORDING TO AGES 


Age 

10-12 

12-14 

14-16 

16-18 

18-20 


No. 


No. 


No. 


No. 


No. 



of 

% 

of 

% 

of 

% 

of 

% 

of 

% 


Cases 


Cases 


Cases 


Cases 


Cases 


Normal 

530 

56.08 

521 

41.32 

460 

40.35 

156 

34.44 

21 

28.77 

Slightly 

Enlarged 

394 

41.69 

680 

53.92 

578 

50.70 

235 

51.88 

44 

60.27 

Moderately 

Enlarged 

21 

2.22 

59 

4.68 

98 

8.6 

60 

13.24 

9 

10.96 

Markedly 

Enlarged 



1 

0.08 

4 

0.35 

2 

0.44 



Totals 

945 

24.41* 

1261 

32.56 

1140 

29.44 

453 

11.70 

73 

1.89 

Adenomas 

2 

0.01** 11 

0.52 

18 

0.84 

8 

0.39 




* Percentage of total pupils. 

** Percentage of total enlarged thyroids. 
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Summary 

In a complete census of the condition of the thyroid gland in the 
girls from the 5th to 12th grades of the school population of a large 
community in the Great Lakes goiter district, it was found that 
1688, or 43.59 per cent, had normal thyroids; 2184, or 56.41 per 
cent, had enlarged thyroids; and 594, or 13.4 per cent, had 
well-defined, persistent thyroglossal stalks. The community lies near 
the southern edge of the goiter district and it is suggested that 
communities near the lakes would show a higher incidence. The 
method of prophylaxis proposed is in operation. 




URINARY PHENYLALANINE METABOLITES IN 
PREWEANLING RATS TREATED WITH 
p-CHLOROPHENYLALANINE AND PHENYLALANINE 


The p-chlorophenylafanine plus phenylalanine-treated rat Is a widely 
accepted model for generation of a PKU-like syndrome in rats. Examination 
of the urinary metabolites of phenylalanine in preweaniing rats showed 
that a regimen sufficient to produce the pathological state did not 
result in increased levels of the classical aromatic acidic metabolites, 
phenyipyruvate and phenyliactate. 


Key Words: PKU,P“chlorophenylalanine, phenyla- 
lanine, phenyipyruvate, phenyliactate 

Phenylketonuria (PKU) was described in 
1934 and is now known to be the most 
prevalent of the aminoacidurias. In the clas- 
sical syndrome, there is a complete absence 
of phenylalanine hydroxylase in the liver. 
Since this is the first enzyme on the main 
catabolic pathway of phenylalanine, its 
deletion leads to high blood levels of the 
amino acid and its alternate metabolites, 
particularly phenyipyruvate. Unless the 
dietary intake of phenylalanine is reduced 
to a level just sufficient for protein 
synthesis, mental retardation ensues. 

Despite the substantial research on this 
problem, the biochemical mechanism by 
which phenylalanine or its metabolites 
retard brain development has not been 
established. In recent years, the concept 
that the phenylketo metabolites are the 
key substances received increasing support 
through the demonstration that phenyipyr- 
uvate is capable of inhibiting a large 
number of enzymes spanning a variety of 
important pathways. In addition, variants 
of the disease occur where only plasma 
phenylalanine is elevated, but phenyipyru- 
vate remains normal and brain development 
is not retarded. 

Demonstration of a pathogenetic 
mechanism often requires an animal model 
in which the disease can be mimicked, 
enabling biochemical changes to be assessed 
concurrent with the onset and development 


of the pathology. The discovery that 
p-chlorophenylalanine (pCP) is a specific 
inhibitor of phenylalanine hydroxylase in 
vivo and in vitro stimulated its use along 
with high phenylalanine intakes as such a 
model. Prolonged application of this 
regimen to preweanling rats does cause the 
appearance of behavioral and neuro- 
pathological abnormalities similar to those 
seen in clinical PKU.^’^ 

A logical next step would be the determ- 
ination of the array of urinary phenyla- 
lanine metabolites which appear in the 
treated rat and the comparison of the 
pattern to that which occurs in humans. 
Such a study has been recently completed 
by Rowe et al.^ Uniformly labeled ^ 
^^C-L -phenylalanine was injected into 18 ^ 

to 22 day old rats and urine was collected 
for the following six hours. Simultaneous 
administration of an osmotic diuretic 
(urea) and use of an electrified grid to 
induce micturition assured maximum re- 
covery of urinary metabolites. Separation, 
identification and quantification of the 
metabolites was accomplished by a com- 
bination of paper, thin-layer and gas 
chromatography and by use of a GC-mass 
spectrometer. Six groups of rats were em- ' 
ployed. Group 1, the control, received only 
the tracer dose of phenylalanine. Group 2 
was injected with 60 mg pCP per kilogram 
of body weight 24 hours before the tracer. 
Group 3 was not given any pCP but was 
given 340 mg per kilogram of body weight 
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of cold phenylalanine simultaneously with 
the tracer. Group 4 was given two injec- 
tions of a solution which contained both 
pCP and cold phenylalanine, one 24 hours 
before the label and one with the labeled 
phenylalanine. Group 5 (heavily loaded) 
was treated identically to Group 4 but 
given an additional 4 g phenylalanine per 
kilogram of body weight from between two 
and six hours before the label. Group 6 
(chronic) consisted of a single litter treated 
with the standard dose of p.CP plus 
phenylalanine from day 10 to day 21 and 
' then treated the same as Group 4 on day 
22 . 

When the urine samples were frac- 
tionated by means of paper chroma- 
tography, the radioactivity was, in all cases, 
approximately equally divided between the 
amino acid fraction and an acidic metabo- 
lite fraction. The amino acid fraction 
consisted of tyrosine and phenylalanine 
while the acidic metabolite fraction was 
predominantly (75 percent) hippuric acid 
and phenaceturic acid (N-phenylacetylglyc- 
ine). The administration of cold 
phenylalanine with or without /oCP caused 
an increase in the overall excretion of 
acidic metabolites but did not change the 
ratio. 

The acidic metabolite fraction was 
separated upon a gas chromatograph 
system after silylation and small amounts 
of phenyllactic acid, p-hydroxybenzoic 
acid, /77-hydroxyphenylacetic acid, p- 
hydroxyphenylacetic acid, p-hydroxy- 
mandelic acid, and p-hydroxyphenyllactic 
acid were found to be present as minor 
constituents. p-Chlorophenaceturic acid 
was the only pCP metabolite found in the 
urine of the treated animals. Phenylpyruvic 
acid was notably absent from the urine of 
animals from Groups 1 through 4 and 
Group 6. It was present in Group 5 (pCP 
and heavily loaded with phenylalanine) in 
addition to a substantial increase in 
phenyllactic acid. A gas chromatograph 
pattern of the urine extracts from Group 5 
was found to have a close resemblance to 


that obtained from two mature institu- 
tionalized PKU subjects. 

The authors emphasize several points in 
their discussion. The data showed that the 
major urinary metabolites of phenylalanine 
in young rats are the conjugated deriva- 
tives, hippuric acid and phenaceturic acid. 
Moreover, this was also true in those ani- 
mals (Group 6) which had received a 
standard dose of pCP and phenylalanine for 
12 days, a regimen which elevates serum 
phenylalanine and which elicits PKU-like 
behavioral and pathological changes. Thus, 
while the unconjugated metabolites 
phenylpyruvate and phenyllactate can be 
detected in p CP-treated rats after massive 
loading with phenylalanine, they do not 
appear to be necessary to the production of 
the neurological damage in the model. 

These results keep alive a very exciting 
controversy regarding the biochemical 
mechanisms responsible for the neuro- 
logical damage in PKU. They also demon- 
strate the need to examine any model 
system with great care. Is the pCP plus 
phenylalanine model valid for the genera- 
tion of PKU in the rat when the classical 
metabolites of the human disease are 
absent? Or should this be taken as evidence 
that the phenyl keto derivatives themselves 
are not the primary agents responsible for 
the damage? The resolution of these ques- 
tions should be useful and interesting. □ 
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GROWTH AND CEREBRAL LIPID COIVIPOSITION DURING 
MATURATION OF RATS FED VARYING LEVELS OF 
LINOLEATE AND LINOLENATE 


Rats were fed diets containing 3.0, 0.75 or 0.07 percent of the caiories as 
essential fatty acids (EFA) for three generations, in general, growth and fatty 
acid composition were very similar at the two higher intakes of EFA. The pattern 
of linoleate series fatty acids in cerebral phosphatidylethanolamine was very 
similar with all three groups. The increase in linolenate series fatty acids 
depended on the level of dietary linolenate, was much slower and continued to 

increase with age. 


Key Words; essential fatty acid (EFA), linoleate, 
linolenate, phospholipids, cerebrum, arachidonate 

The extent to which variations in dietary 
fatty acid composition might alter brain 
fatty acid composition is an especially im- 
portant question, in view of the possibility 
that changes in brain fatty acid composi- 
tion might alter brain function.^ Considera- 
ble study has been given to lipid and fatty 
acid composition of brain in rats fed diets 
deficient in essential fatty acids (EFA).^ 
That changes in function do occur is indi- 
cated by reports of alterations in brain 
levels of enzymes such as 5'-nucleotidase 
and Na'^,K'^-ATPase in EFA deficiency.^ 

In the majority of the studies of EFA 
deficiency, the usual experimental pro- 
cedure has been to start the EFA-deficient 
diet late in pregnancy. Under these circum- 
stances, however, the extent of change in 
brain EFA in the offspring has been greatly 
affected by the reserve of EFA available in 
the dams during lactation. Also, with this 
type of experiment, it is not possible to 
determine how brain development might be 
affected by EFA depletion during the 
intrauterine phase since the EFA reserves 
of the dams were usually high. Further- 
more, little attention has been paid to the 
proportions of linoleate and linolenate 
supplied at any given level of dietary fat. In 
view of evidence for possible unique func- 
tions of linolenate, especially in vision,^ 
the ratio of linoleate to linolenate in the 
dietary fat cannot be ignored. 
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Ailing and co-workers®'® conducted 
long-term studies in which diets varying in 
EFA level, but with a fixed ratio of 
linoleate to linolenate, were fed to rats for 
three generations, with body compositions 
and lipid analysis done on rats of the third 
generation. Under these conditions, the 
effect of a given dietary EFA composition 
would be exerted during the intrauterine, 
suckling and postweaning periods. 

The diets contained 100 g fat per kilo- 
gram of diet, but the proportions of EFA 
were varied so that 3.0, 0.75 or 0.07 per- 
cent of the dietary calories were from EFA. 
This was made possible by combining 
hydrogenated lard, sunflower oil or linseed 
oil such that the ratio of linoleate (18;2N6) 
to linolenate (18:3N3) was 4:1 in all diets 
except the low-fat (0.07) diet. The 0.07 
level was obtained with the hydrogenated 
lard alone as the fat source. This diet, when 
analyzed after mixing, contained 200 mg 
linoleate and 30 mg linolenate, for a ratio 
of 10:1. Some EFA were supplied by corn 
starch, which was the major dietary carbo- 
hydrate (178 g per kilogram or 16 percent 
of the calories) and by a fish concentrate 
(defatted), which was the dietary protein 
source, fed as 16 percent of the calories. 
Other components were identical in all 
diets. 

Female rats were raised on diets supply- 
ing 3.0, 0.75 or 0.07 percent of the calories 
as EFA and 16 percent of the calories as 
protein (HP 3.0, HP 0.75 and HP 0.07). 







The females were bred when they were 90 
days old. A few rats, previously fed the HP 
0.75 diet, were also fed the HP 0.07 diet 
' three weeks before mating. Other females 
; were transferred at mating from the HP 3.0 
: and HP 0.75 diets to a low protein diet 

I (LP) supplying 8.0 percent of the calories 

as protein and containing the same EFA 
' levels, i.e., LP 3.0 and LP 0.75 diets. At 
birth, the litters were reduced to six rats 
each. The young remained with the dams 
until weaning at 21 days. 

The largest litters occurred with the HP 
^ 3.0 diet. No deaths occurred in this group 

in the suckling period. Two deaths 
occurred with the HP 0.75 and LP 3.0 
I groups in this period. In contrast, in the LP 
I 0.75 group, four rats out of 48 (eight litters 
I of six each) died. 

; The concentration of linoleate in milk 
triglycerides was directly proportional to 
dietary linoleate and appeared to stay con- 
stant during lactation, on the basis of 
samples taken at four and 14 days. The 
triglyceride concentration varied between 
190 and 257 jumoles per milliliter. The 
phospholipid (PL) concentration, which 
was 38 to 50 /nmoles per milliliter, supplied 
up to 10 percent of the EFA in the milk 
! samples. The contribution of PL to the 
j milk EFA concentration was higher in 
I samples from rats fed the low EFA diets, 
an observation which agrees with other 
^ data.^ ° 

Between 25 and 60 days of age, the 
young rats fed the HP 3.0 diet were heavier 
than those fed the HP 0.75 diet, but from 
60 to 90 days, the weights for these two 
groups were similar. At all ages, the group 
fed the HP 0.07 diet were the smallest, ca. 
267 g for the males, in comparison with ca. 
293 g for the HP 3.0 and HP 0.75 diets. 
The male rats fed the LP 3.0 or LP 0.75 
diets weighed only 154 g at 90 days of age. 
Skin lesions appeared on the tail in rats 
from the HP 0.07 group, but later dis- 
appeared. The disappearance of the tail 
lesions did not result from a change in 
humidity since the humidity of the animal 
room was constant throughout the experi- 
ment. 


Analysis of body composition showed 
that the proportion of total body fat was 
similar in the rats fed the HP 3.0 and HP 
0.07 diets, despite the difference in body 
weight. The rats fed the HP 0.75 diet had a 
higher proportion of body fat than rats fed 
the HP 3.0 diet. The differences in body fat 
were greatest in female rats at 120 days of 
age. For example, the females fed the HP 
0.75 diet weighed 225 g and contained 
13.5 g fat per 100 g body weight. Those 
fed the HP 3.0 diet weighed 223 g and con- 
tained 10.0 g fat per 100 g body weight. 
The concentrations of nitrogen, potassium 
and ash did not differ. As expected, higher 
levels of linoleate and arachidonate 
occurred in the body fat of rats fed the 
diets richer in EFA. 

Samples of the gastrocnemius and 
quadriceps muscles were analyzed to de- 
termine the effect of EFA intake on fatty 
acid composition of skeletal muscle 
lecithin. Muscle was selected since it is the 
largest body tissue component. Also, there 
is some controversy on whether EFA de- 
ficiency affects muscle calcium permea- 
bility .“’^2 Rats fed the HP 3.0 and HP 
0.75 diet had higher concentrations of 
muscle phospholipids than did rats fed the 
HP 0.07 diet. The proportions of polyenoic 
fatty acids of the linoleate series in muscle 
lecithin depended upon the dietary EFA 
level. Yet after the rats were 45 days of 
age, the level of linoleate series fatty acids 
in the HP 0.75 group approached that of 
the HP 3.0 group, despite the differences in 
dietary EFA intake. 

The sum of the linolenate series fatty 
acids varied with the EFA level of the diet 
except with the HP 0.07 rats, in which the 
ratio of linoleate series to linolenate series 
fatty acids was 10:1. In the HP 3.0 and HP 
0.75 rats, the ratio of linoleate to 
linolenate series fatty acids was the same, 
but in the HP 0.07 rats, this ratio was in- 
creased. 

Cerebral weights were lower in rats fed 
the HP 0.07 diet than with the HP 3.0 and 
HP 0.75 groups, but the ratio of cerebral 
weight to body weight was similar for all 
diets. The concentration of total phospho- 
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lipid (jumoles per gram of wet tissue) was 
the same in all groups at all ages tested. 
However, the cerebroside concentration 
was somewhat lower in the rats fed the HP 
0.07 diets, for the first 30 days of life. Yet 
at 45 and 1 20 days the cerebroside concen- 
tration in the HP 0.07 group was the same 
as in the HP 3.0 and HP 0.75 groups. The 
decreased cerebroside concentration before 
30 days in the HP 0.07 group may indicate 
altered myelin formation since cerebrosides 
are important constituents of myelin. 
Although there is an apparent recovery at 
120 days, this provides no assurance that 
cerebral function is still normal in these 
rats. The cerebrum was analyzed, rather 
than the entire brain since they con- 
sidered^^ that any changes in brain matura- 
tion could be evaluated better if they were 
detected in specific regions of the brain. 

The accumulation of linoleate series 
fatty acids in the cerebrum (mmoles per 
cerebrum), was generally similar at all ages 
with all diets, despite the differences in 
linoleate intakes produced by the different 
diets. The accumulation of linolenate series 
fatty acids, however, depended upon the 
amount in the diet. The rats fed the HP 3.0 
diet had a higher concentration of 
linolenate series fatty acids (mmoles per 
cerebrum) than did rats fed the HP 0.75 
diet, although the dietary ratio of linoleate 
to linolenate was the same. The accumula- 
tion of linolenate series fatty acids was 
slower than that of the linoleate series fatty 
acids up to 24 days. After 24 days, the 
linoleate series fatty acids increased only 
slightly. However, the linolenate series 
fatty acids continued to increase, although 
less rapidly, in the HP 3.0 and HP 0.75 
groups. The accumulation was very slow 
with the HP 0.07 groups, however, and 
almost no additional deposition occurred 
between 30 and 45 days. 

When the cerebral phosphatidylethanola- 
mine fraction was analyzed, arachidonate 
was found to be the major polyunsaturated 
fatty acid of the linoleate series. The 
proportion of arachidonate was similar in 
all groups at all ages. Arachidonate in- 
creased up to 20 to 25 percent of the fatty 
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acids in the first ten days, then declined to 
15 to 20 percent. Docosahexaenoate 
(22:6N3) was the only major fatty acid of 
the linolenate series present. Its proportion ' 
increased with age in all groups. The sum of 
22;6N3 and 22:5N6 (docosapentaenoic 
acid of the linoleate series) was less at birth 
with the HP 0.07 groups than with the HP 
3.0 group, but increased with age up to 100 
days, so that it equaled the values for the 
HP 3.0 and HP 0.75 groups. The propor- 
tion of these fatty acids in the HP 3.0 and 
HP 0.75 groups remained quite constant 
with age. ' 

The lower levels of linolenate series fatty 
acids with the HP 0.07 presumably resulted 
from the fact that the ratio of linoleate to 
linolenate was 10:1 in this group, rather 
than 4:1 as with the HP 3.0 and HP 0.75 
groups. However, similar results were ob- 
tained with a group fed an HP 0.07 diet, in 
which the ratio of linoleate to linolenate 
was 4:1. Thus, the slower accumulation of 
linolenate-series fatty acids in the HP 0.07 
groups could not be attributed simply to 
the lower intake of linolenate, relative to 
linoleate, but must reflect some other 
change resulting from the very low total 
EFA intake. 

The most striking results of these experi- 
ments with identical diets, except for the ^ 
level of EFA, showed the following: (a) the 
relative constancy of cerebral levels of fatty ^ 
acids of the linoleate series, despite large ! 
differences in dietary intake; (b) the 
rapidity of accumulation of linoleate series 
fatty acids; and (c) the slower accumula- 
tion of fatty acids of the linolenate series 
and its dependence on the absolute amount 
of linolenate in the diet. Both linoleate and 
linolenate can be oxidized rapidly.^ ^ At 
very low linolenate intakes, this rapid oxi- 
dation may leave little for the slower 
process of docosahexaenoate (C22:6N3) 
formation. With higher linolenate intake, 
sufficient linolenate may still be available 
for 22:6N3 formation. 

In these experiments more 22:6N3 was 
accumulated than 22:5N6 in cerebral 
phosphatidylethanolamine, except at the 
very low linolenate intakes. Even then, the ; 






proportion of 22:6N3 persistently in- 
creased. Whether this pattern of 22:6N3 
accumulation indicates a functional re- 
quirement for 22:6N3, rather than 22:5N6, 
is still a major unsolved question.^ □ 
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MECHANISMS IN YOUNG CROCODILIANS GREATLY 
MODIFYING THE PERSISTENCE OF 
ADMINISTERED AMINO ACIDS 

An explanation is sought in the synthesis of polypeptide or protein fora \ 
sharp reduction in the persistence in the biood plasma of administered amino acids : - ^ 

when other amino acids are given, even if several essential amino acids are ' v v?" 

not provided. 


Key Words: Caiman, alligator, protein, amino 
^ acids, methionine, intestine, digestion, absorption, 
transport, insulin, cycloheximide, catabolism, 
growth 

Organisms range widely in the proportions 
in which they make anabolic and catabolic 
use of administered amino acids, even dis- 
regarding the phenomenon of adulthood. 


Studies by Coulson and Herbert^ bring 
out an informative extreme for Caimans 
(Caiman crocodilus crocodilus) in their 
second half-year of life. Alligator miss- 
issippiensis was so similar that this species 
could be used interchangeably. An earlier 
study persuaded Coulson and his associates 
that the catabolic rates for various injected 
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amino acids or mixtures of amino acids are 
so low that accelerated disappearance could 
be equated with accelerated protein syn- 
thesis. 

These animals increase their body 
weight about 50-fold in their first year of 
life, while human infants increase their 
weight only three- or four-fold. They may 
consume quantities of fish so huge that the 
authors did not consider it unphysiologic 
to force into their stomachs the equivalent 
of one-twentieth (or even one-tenth) of 
their body weight in the form of lean fish 
muscle.^ During the ensuing period of 
absorption, the total amount of cataboli- 
cally derived energy available to these 
cold-blooded animals at 28° C could, if all 
were available for absorption, provide only 
a minor fraction of an ATP molecule for 
each molecule of amino acid absorbed.^ 

Absorption must therefore be carried 
out at very low energy costs under the un- 
usual prevailing conditions. One thinks of 
the possibility that unusual proportions of 
amino acids might be absorbed in peptide 
form, or that unusually large quantities of 
hydrolytic products might pass between 
the epithelial cells. Amino acid analogs 
designed to escape specifically mediated 
transport are known to be absorbed in the 
intact rat by a relatively slow route ap- 
parently not subject to saturation.^ Such 
routes may become conspicuous at 28° C, 
at high protein contents of the gut and in 
these specialized animals. The present re- 
sults nevertheless counsel renewed caution 
about accepting hypotheses for amino acid 
transport systems in warm-blooded animals 
calling for the cleavage of at least one and 
of as many as three ATP molecules each 
time an amino acid crosses a cellular mem- 
brane. 

In most of the experiments the reptiles 
weighed about 600 g. They vyere fasted five 
days, an interval considered necessary to 
obtain fasting amino acid levels of the 
plasma at 28°C. Single amino acids were 
injected intraperitoneally in 0.3 m neutral 
solution in amounts ranging from 0.32 to 
3.5 mmoles per kilogram. A mixture of 20 
amino acids (partly in solution and partly 
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in suspension) was injected, containing half 
as much of each amino acid as was injected 
alone. This mixture imitated the composi- 
tion of fish muscle, except for partial re- 
placement of glutamic and aspartic acids by 
their amides, and totalled 21 mmoles per 
kilogram of body weight. 

Two incomplete mixtures were made by 
simply omitting three amino acids, in one 
case lysine, valine and isoleucine, in the 
other case methionine, threonine and 
phenylalanine. Plasma was prepared from 
heparinized blood collected periodically 
from the tip of the tail. Amino acids were 
estimated by an automated amino acid 
analyzer. 

When the amino acids were given singly, 
their half-lives in plasma ranged from one 
hour (serine) to 140 hours (methionine). 
When they were administered instead in the 
complete mixture, they disappeared at 
much more uniform rates (half-lives, five to 
ten hours, mean 7.9 hours), and for 
methionine, valine, isoleucine, phenyla- 
lanine, histidine and threonine, 1.5 to 3.6 
times as fast as when given alone. The 
removal from the plasma of methionine, 
valine or isoleucine, each supplied alone, 
was also accelerated by the administration 
of the complete mixture after a 24-hour 
delay. The removal of citrulline or norleu- 
cine was not accelerated under these con- 
ditions, perhaps because these "control" 
amino acids do not enter protein synthesis. 

The authors attribute these accelerations 
of the depletion of the high plasma levels 
of about nine amino acids in the mixture to 
the opening of an alternate route for their 
assimilation, beyond their ordinarily slow 
catabolism. This alternate route is pre- 
sumed to be protein synthesis. The pro- 
posal of Elwyn, Parikh and Shoemaker® 
that incoming amino acids are provisionally 
converted into liver proteins in the dog was 
cited for comparison. Nevertheless, the re- 
moval of methionine proved to be ac- 
celerated about as much when three essen- 
tial amino acids, in the two different 
combinations already listed, were omitted 
from the mixture. This result leads Coulson 
and Herbert to reason that an incomplete 


mixture of amino acids must be converted 
into a polypeptide form for holding the 
available amino acids - although it is not 
clear where the high-energy phosphate is to 
arise for this provisional synthesis at high 
protein intakes. 

The administration of insulin 24 hours in 
advance accelerated the removal from the 
plasma of the total of the exogenous amino 
acids, whether supplied in the complete 
mixture or in one of the incomplete mix- 
tures. In contrast, cycloheximide adminis- 
tration slowed their removal, presumably 
by inhibiting protein synthesis. Previous 
work led the authors to conclude that in- 
sulin acts to lower endogenous amino acid 
levels by stimulating protein synthesis, and 
they propose the same action for the pre- 
sent experiments. 

We face here the apparent formation of a 
large hidden reservoir of exogenous amino 
acids or their metabolic products, for 
which any explanation may seem for the 
present preposterous. This reservoir is large 
enough under the selected conditions, so 
that its discovery and description should 
not be so difficult, however, as to justify 
our accepting any explanation in more than 
a provisional way. The circumstance that 
the inclusion of certain amino acids (by no 
means any or all) accelerates the consump- 
tion of certain others (by no means all) 
allows one to think of interactions for 
catabolism, for example, partial corrections 
of depletions of needed co-factors; but the 
authors argue that accelerated catabolism' 
does not provide an adequate explanation. 
Apparently the "missing" amino acids are 
not present as such within the cells of 
various tissues; "free essential" amino acids 
are not abundant in liver, kidney, muscle, 
heart or brain after administering the com- 
plete mixture. The totals for "non- 
essential" amino acids in muscle and kid- 
ney seem rather high, however; but in the 
absence of the corresponding fasting levels, 
the increments cannot be calculated. 
Furthermore these tissue levels are de- 
creased, not increased, by insulin adminis- 
tration. 


The explanation preferred by the 
authors is reflected in the running title of 
their 1974 paper "protein synthesis from 
incomplete mixtures" (and in the full title, 
"evidence for polypeptide synthesis . . ."). 

In the meantime a number of interesting 
approaches appear to be available for dis- 
covering the detailed nature of the speciali- 
zation permitting these species to use huge 
amounts of food protein for growth, with 
apparently minimal stimulation of their 
catabolism. An exploration of their en- 
docrine responses seems promising; for 
example, what are the detailed metabolic 
effects of insulin, and to what degree is 
insulin secretion stimulated by leucine and 
other amino acids? 

Herbert and Coulson^ show that the 
peaks of the plasma amino acids come 
much later (about 60 hours) after feeding 
7.5 g fish muscle per kilogram of body 
weight, than after feeding casein (about 36 
hours) or gelatin (about 22 hours). In the 
latter case the plasma of the fed animals 
showed a composition in free amino acids 
resembling that of gelatin, whereas the 
peak compositions of plasma in the other 
two cases was quite unlike that of the 
protein fed, and included high levels of 
alanine, glutamine and glycine. Zein and 
several other vegetable proteins appeared 
on feeding to be excreted intact in the 
feces. 

The rate of absorption of amino acids 
from the crocodilian gut did not depend on 
the presence of an optimal ratio of free 
amino acids, since gelatin was rapidly 
digested and absorbed, apparently without 
dilution from other protein sources. Never- 
theless, each amino acid fed alone was 
absorbed at a different rate, whereas when 
these same amino acids were fed as protein, 
all amino acids liberated by digestion were 
absorbed much more rapidly and at the 
same percentage rate.^ This behavior sug- 
gests similarities between the removal of 
amino acids from the gut and from the 
plasma, and leads the authors to conclude 
that the transport of an amino acid pre- 
sented alone is an "unnatural" event, and 
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that the large differences in rates of absorp- 
tion of single amino acids are a physio- 
logical artifact. The authors are led to sug- 
gest here also a possible intermediate 
synthesis of amino acids into protein 
during absorption, although energetic 
limitations appear to be encountered here 
also. 

Further information on amino acid 
assimilation in these organisms will be 
awaited with great interest. □ 
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Bile Acid Excretion - A New Test of Functioning Liver Mass 


Key Words; liver function test, cholic acid, bile 
salts 

Bile salt metabolism has been actively 
studied in the past decade and seems 
clearly to be the substance excreted by the 
liver in the greatest number of moles per 
day. It seemed reasonable to look to a bile 
salt removal test as a measure of the total 
liver cell mass. The lack of a sensitive test 
for assay of serum bile salt levels and 
sources of pure bile salts had restricted this 
activity. However, a sensitive radioim- 
munoassay for serum bile acids and salts 
specific for conjugates of cholic acid^ made 
such a test feasible.^ Pure cholylglycine 
was prepared for the injection material. 
One to 7.5 j;ilVloles per kilogram of body 
weight were tested in normal subjects and 
all were cleared linearly in the first few 
minutes, but curvilinearly afterwards. A 
dose of 5 ^Moles per kilogram was 
eventually chosen for a consistent increase 
from fasting levels of cholylglycine (0.44 ± 
0.8 /LtM to 4.35 ± 0.5 juM) one minute after 
injection and return to baseline after 12 
minutes. Studies indicate that this material 
disappears at a rate of 2.6 minutes half life 


as has been reported for indocyanine green 
and dibromosulfophthalein but much faster 
than bilirubin or sulfobromophthalein. This 
test validated in normals was applied to 36 
patients with minimal to moderate degrees 
of liver abnormality. In 25 of these one or 
more conventional liver tests (including 
sulfobromophthalein retention at one 
hour) were abnormal and the fasting level 
of bile salt was elevated in all but five, and 
after 5 juMoles per kilogram of body weight 
the levels at ten minutes of the half life 
were prolonged. In nine patients all liver 
tests were normal but the histological 
picture was abnormal. In all of these this 
test was abnormal. It is felt that this test 
offers a new and more sensitive method of 
testing liver function using a highly physio- 
logical parameter for the measurement. □ 
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Plasma Lipids and Lipoproteins in Vegetarians and Controls 


Key Words: vegetarians, lipoproteins, cholesterol 

A series of studies^ are emerging on a 
group of vegetarians who adhered to this 
diet for at least three years. The dietary 
staples in the 73 men and 43 women were 
whole grains, beans and fresh vegetables, 
with seaweed and fermented soy products 
consumed almost daily. Supplementary 
foods are fruits, nuts, beer and fish. Only 


28 percent of the group consumed dairy 
products and 1 1 percent consumed eggs. 
No person used meat or poultry as fre- 
quently as weekly. The control group was 
chosen from the Framingham Heart Study 
Group using their children to obtain an age 
and sex matched group comparable to the 
vegetarians. These were estimated to eat a 
normal American diet. The mean choles- 
terol levels in milligrams per 100 ml was 
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126 vs 184, vegetarians vs normal, low 
density lipoprotein 73 vs 118, very low 
density lipoprotein 11.8 vs 17.2, high 
density lipoprotein 42 vs 49 and mean 
triglyceride levels 59 vs 86. The mean 
weight and subscapular skinfold thicknesses 
were 58 kg and 6 mm for vegetarians and 
73 kg and 17 mm for controls. Similar 
differences in lipid levels were found be- 
tween subgroups of 42 vegetarians and 
controls with identical mean weights. Mul- 
tiple regression analyses showed that the 
consumption of dairy foods and eggs, but 
not body weight, was associated with the 
lipoprotein and cholesterol findings. 


Although there are many possible expla- 
nations considered such as the caloric 
restriction and the use of macrobiotic 
foods, the authors propose that the vege- 
tarian diet may in fact be more healthful 
for persons with hyperlipoproteinemia and 
hypertension than other therapeutic pos- 
sibilities. □ 
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Severe Diarrhea in Children — New Ideas in an Unsolved Arena 


Key Words: infantile diarrhea, Escherichia coii, 
rotaviruses, enterovirus, enterotoxins, childhood 
mortality 

Diarrhea in the first two years of life 
appears to be a particularly severe illness 
because the colon has not yet fully devel- 
oped its capacity to conserve water and 
electrolytes. In the past ten years it has 
become generally accepted that severe de- 
pleting infectious diarrheas result from 
stimulation of secretion and interference 
with absorption in the small intestine. A 
normal adult colon is a substantial pro- 
tector of the organism from the severe 
depletions that occur in the young child. 
For reasons not very clear, but certainly 
widely written about, the malnourished 
and underprivileged seem to be far more 
exposed to these problems than others. 

Enterotoxigenic Escherichia coii has 
been identified as a cause of severe human 
diarrhea for only a few years^ and almost 
no studies exist of the true prevalence. 
Certain strains of E. coii are postulated to 
produce a cholera-like enterotoxin and this 
is the basis of the diarrhea. Gorbach and his 
associates^ using the infant rabbit model to 
demonstrate enterotoxins of both the heat 
labile and heat stable form found 83 
percent of Chicago infants harbored strains 
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that gave positive responses. Sack and his 
co-workers^ exhaustively studied the E. 
coii problem in 64 episodes of acute 
diarrhea in 59 Apache children hospitalized 
for diarrhea. Each child had isolates of 
intestinal bacteria and strains of E. coH. 
Nineteen children had cultures of the small 
bowel in addition to stools. Isolates of E. 
coii were verified and serotyped. At least 
five and up to ten separate isolation colo- 
nies of E. coii were pooled for subsequent 
studies. Three separate sensitive assays of 
enterotoxin production were utilized. 
These included the 18 hour rabbit ileal 
loop assay, the baby rabbit test assay and 
the adrenal cell assay utilizing mouse ad- 
renal tissue culture cells. A total of 934 E. 
coii isolates were obtained. An enterotoxin 
was isolated in ten of the 64 diarrhea 
episodes. These patients had no clinical 
characteristics that differentiated them 
from other causes of diarrhea. The adult 
loop test and the adrenal cell test were 
excellent screening tests, but there were 
four false/negative results in the infant 
rabbit assay. None of the 35 enterotoxi- 
genic strains assayed were invasive by the 
Sereny test. Serotyping indicated that the 
types responsible for disease were highly 
varied (eight different types were found) 


and these were not included in the lists 
usually put forth of enteropathogenic E. 
coli. 

It is concluded that this accounted for 
16 percent of the diarrhea but that a 
specific assay for enterotoxin is essential. 
This suggests strongly that these complex 
tests must be undertaken in any study of 
infantile diarrhea. 

A second avenue of interest in infantile 
diarrhea has come from studies directly 
visualizing fecal viruses. Viral enteritis in 
calves, an important domestic cattle dis- 
ease, revealed massive numbers of viral 
particles in the stool of these animals.® 
Applying similar techniques Bishop and 
co-workers found in the duodenal tissue of 
infants with severe gastroenteritis reovirus- 
like particles in the mucosal cells and later 
showed these in the stool. Many groups 
are now working on this problem. Tech- 
niques to show specificity include reaction 
of the stool with acute and convalescent 
phase sera which produces agglutination of 
the virus in stool. It is now apparent that 
these techniques are successful in identify- 
ing rotaviruses, enteroviruses and adeno- 
viruses.® It is apparent that investigation of 
diarrhea in infants is changing in its metho- 
dology and that rotavirus infection and 
enterotoxigenic E. coli are two important 
diseases that may have been previously 
overlooked. □ 
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Neuropathy in Renal Patients on Chronic Dialysis 


Key Words; uremia, polyneuritis, deafness, renal 
I transplant 

■ Approximately half of the patients with 
renal failure on chronic dialysis have pe- 
ripheral neuropathy of some degree.^ Al- 
j though most of this disease is asympto- 
matic and therefore only important if it 
worsens, it has been apparent that uremic 
patients with severe paralytic forms of 
peripheral neuropathy make clinically 
satisfactory recovery when they receive 


transplants. The cause of the neuropathy is 
really unknown but there has been specula- 
tion that there are specific toxins, which 
are not effectively dialyzed and therefore a 
search for a larger pore membrane has been 
made with little or no success.^’® 

An important study of uremic deafness 
has appeared^ in which serial study of 
hearing loss was made using an audiometer. 
They found that the uremic inner ear 
deafness was symmetrical and of the coch- 
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leobasal type. The short increment sensi- 
tivity index v\/as positive in all cases (80 to 
100 percent). Mild deterioration was ob- 
served in the patients while undergoing 
dialysis but six to 26 months following the 
successful renal transplantation the patients 
showed improvement. The hearing loss in 
the low range averaged 18 to 25 decibels; in 
the higher range it was 25 to 40 decibels 
and it decreased to 15 or less. The short 
increment sensitivity index returned to 
within 10 percent of normal. The neuro- 
pathy of uremia poses an increasing pro- 
blem that requires more work. At the 
moment the toxin does not seem to be a 
known nutritional agent. □ 
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Fellowships in Clinical Nutrition 

The Department of Nutrition and Food ^ 
Science, Massachusetts Institute of Tech- ' 
nology and the Children's Hospital Medical ^ 
Center, Boston, Massachusetts, will offer | 
fellowships in clinical nutrition starting 

July, 1976. The program is multidis- 
ciplinary in nature, providing physicians 
with an opportunity to acquire a broad 
background in clinical nutrition. The pro- 
gram's principal objective is the training of 
independent investigators for research in ^ 
clinical nutrition and teaching of applied ' 
nutrition to house staff and medical ! 

students. The training program includes ! 

courses and seminars in nutrition at M.l.T. ; 

as well as clinical activities at Children's 
Hospital, the New England Deaconess ; 
Hospital and Boston University Hospital. ! 
The fellowship will be offered for two or 
three years depending on the interests of 
the individual. Two or three years of post 
M.D. specialty training in pediatrics, in- 
ternal medicine or surgery is required. 
Applicants must be citizens or non-citizen 
nationals of the United States, or have been | 
lawfully admitted to the United Sptes for ; 
permanent residence and have in their 
possession a permanent visa at time of ap- 
plication. Send all requests for information 
to Dr. Robert M. Suskind, Program Di- 
rector, Clinical Nutrition Fellowship, De- , 
partment of Nutrition and Food Science, 
Massachusetts Institute of Technology, | 
Cambridge, Massachusetts 02139. □ | 


Announcement of Meetings 


The American Diabetes Association an- 
nounced its 1976 schedule of professional 
meetings. 

The 23rd Postgraduate Course, "Dia- 
betes in Review: Clinical Conference 1976" 
will be held January 28-30, 1976, at the 
Sheraton Inn, Boston, Massachusetts. 

The 36th Annual Meeting of the 
American Diabetes Association will be held 
June 20-22, 1976 at the Hilton Hotel, San 
Francisco, California. 
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The Eighth Allied Health Postgraduate | 
Course in Diabetes will be held October ^ 
4-6, at the Sheraton Hotel, Philadelphia, 
Pennsylvania. _ . 

For further information regarding any of j 
these meetings contact; 

Ernest M. Frost,, Ed.D. ■ i 

Executive Vice-President 
1 West 48th Street 
New York, New York 10020 
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Niacin i/ 

by William J. Darby, M.D., Ph.D., '-h^^'^'';, 
Kristen W. McNutt, Ph.D. and ! 

E. Neige Todhunter, Ph.D. 



S n 1867 a compound, later named^ 
nicotinic acid, was obtained^ by 
oxidation of nicotine. It was found per se 
in nature in 1912 in an anti-beriberi con- 
centrate of rice polishings,^ and repeatedly 
associated with vitamin-like effects by 
Casimir Funk and others'^'^ during the 
period from 1913 to 1937. In 1937 it was 
identified with the pellagra-preventive 
(anti-canine blacktongue) factor.®'^^ 
Nicotinamide had been demonstrated to be 
a moiety of coenzymes 1^^ and 11^"^ (di- 
and tri-phosphopyridine nucleotide, re- 
spectively) and nicotinic acid found to be a 
growth factor for streptococcus.^® The 
two nicotinamide-containing coenzymes 
are involved in glycolysis, fat synthesis and 
tissue respiration. 

Nomenclature 

Niacin is accepted as “the generic de- 
scription for pyridine 3-carboxylic acid and 
derivatives exhibiting qualitatively the 
biological (nutritional) activity of nicotinic 
acid. Thus phrases such as 'niacin activity' 
and 'niacin deficiency' represent preferred 
usage. The compound pyridine 3- 
carboxylic acid . . ., also known as niacin or 
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vitamin PP, should be designated nicotinic 
acid."^®’^^ Nicotinamide is the amide of 
nicotinic acid, or "niacinamide." "Nicotin- 
amide equivalent" is the contribution to 
the dietary intake of all different nutri- 
tionally active forms of niacin (including 
tryptophan conversion to niacin) and is 
expressed in terms of milligram (or micro- 
gram) equivalents of nicotinamide.^ ® 

Pellagra 

Pellagra, now known to result from nia- 
cin deficiency, appeared in Europe^® when 
corn (zea mays) from the New World be- 
came the major staple foodstuff of suc- 
cessive regions around the Mediterranean- 
in Spain, France, Italy and eastward. De- 
scribed by Caspar Casal as endemic from 
the 1730's in the Austurian region of 
Oviedo, it acquired many descriptive desig- 
nations,^® including "mal de la Rosa," 
"mal del Sol" (illness of the sun), "vernal 
insolation" (sunburn of the spring), "corn 
bread fever," and "pellagra" (pe-la'-gra, or 
pe-lag'-ra— pe//e, skin, and agra, rough). It 
was recognized in the U.S. about the turn 
of this century and caused hundreds of 
thousands of cases of morbidity and death 
in the Midwest and South-from Illinois to 
South Carolina. Victims suffered "the 
3-D's"-c/ermatitis of areas exposed to the 
sun, (diarrhea, and c/ementia. Several mental 
institutions in the U.S., Europe and Egypt 
were primarily devoted to care of pella- 
grins. 

In 1914 Joseph Goldberger, a bacteriolo- 
gist with the U.S. Public Health Service, 
was assigned the task of identifying the 
cause of the disease. In classic epidemio- 
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logic studies,^ ^ he noted the association of 
the disease with poor diet — "the 
S-M's”— meal (corn), meat (fat back) and 
molasses— plus poverty. He observed that 
well-fed persons did not contract the 
disease. He reproduced the condition in 
convicts in Mississippi by feeding them a 
pellagragenic diet. He, his wife and 14 
volunteer colleagues constituted a “filth 
squad" who ingested and were injected 
with various biological materials and/or 
excreta from pellagrins, thus demonstrating 
the non-infectious nature of pellagra. In 
orphanages, prisons and mental institutions 
the therapeutic value of a good diet was 
demonstrated. Foods were assayed in man 
for their pellagra-curative properties, and 
for their pellagra-preventive activity in the 
animal model of canine blacktongue. 


Tryptophan as Niacin Precursor 

Elucidation of the metabolism of 
tryptophan, its conversion to niacin 
metabolites, and the classic studies of 
Grace Goldsmith and associates^ ^ ^ and 
of Horwitt and associates^® in man estab- 
lished the basis of a quantitative estimate 
of the nutritional interrelationship. Evi- 
dence from these human studies is widely 
interpreted to indicate that in man 60 mg 
of tryptophan has an average niacin 
equivalency of 1 mg of nicotinamide. Ac- 
cordingly, estimated human requirements 
of niacin must take into account the 
tryptophan content of the diet as well as 
nicotinic acid and nicotinamide. This ratio 
may not apply in absence of dietary niacin 
or with limited dietary tryptophan.^® 
Vivian et al®°’®^ found that urinary excre- 
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Figure 6. L-Tryptophan 
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Figure 8. L-S-Hydroxykynurenine 


Figure 9. 3-Hydroxyanthranilic acid 
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Figure 13. N^-methyl-2-pyridone-5-carboxylamide 

(2-pyridone) 
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tion of metabolites of niacin or those of 
the tryptophan-niacin pathway did not fall 
to zero even when tryptophan intake was 
very low. Increasing amounts of dietary 
tryptophan are used first to restore nitro- 
gen balance, next to restore blood pyridine 
nucleotides, and then to be excreted as 
niacin metabolites. 

The understanding of the quantitative 
relationships for conversion of tryptophan 
to niacin during pregnancy is particularly 
unsatisfactory. Data^^ on urinary excre- 
tion of metabolites have been interpreted 
to indicate that the conversion of this 
amino acid to niacin is more efficient 
during pregnancy, and hence, that the 
niacin equivalency of tryptophan is greater 
in the gravid woman. This may be misinter- 
pretation of observations as it long has 
been known that early in pregnancy there 
is a pronounced increment in the urinary 
excretion of N-methylnicotinamide.^^ 
Another interpretation may be that more 
tryptophan is diverted via this route or that 
methylation of niacin is enhanced during 
pregnancy and therefore that the dietary 
requirement is in fact increased. 

The structures for 13 known metabolites 
of niacin are presented on pages 290 and 
291. 

Bound Forms of Niacin 

Additional evidence now indicates the 
presence in many foodstuffs, especially 
cereals, of niacin-containing compounds 
from which the niacin is not nutritionally 
available.^"^"^® Initial evidence stemmed 
from the observed discrepancy between 
values for niacin content in cereals as de- 
termined colorimetrically before and after 
hydrolysis with dilute NaOH. Micro- 
biological assays similarly indicated that 
some 20 percent more niacin was obtained 
in dilute alkaline extracts of cereals than in 
aqueous or acid extracts. These increases 
were consistent with the interpretation of 
"bound forms" in the cereals. Later studies 
showed that the bound niacin was ineffec- 
tive in curing niacin deficiency in the rat, 
chick, duck or pig. Evidence for man is not 
so clear, but a discrepancy between the 
total niacin content of the high corn diet 
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used by Goldberger to produce experi- 
mental pellagra and the lower intake of 
healthy population groups in North Caro- 
lina was early noted by W. J. Dann.^® 

Two types of bound niacin^"^'^® were^ 
initially described: (1) a peptide with 
molecular weight of 12,000 to 13,000, so- 
called niacinogens; and (2) a carbohydrate 
complex with a molecular weight of some 
2,370. The name niacytin has been used to 
designate this latter material from wheat 
bran. It now appears that there may be a 
number of niacin-containing bound forms 
in wheat'*® and that niacytin preparations 
contain peptides, hexoses and pentoses. 
Resolution of the important problems of 
the relative activities of precursors and the 
biological availability of forms of niacin in 
foods deserves high priority. 

Leucine Effects 

An additional nutritional concept rela- 
tive to niacin requirements pertains to the 
reported effect of high intake of leucine in 
precipitating pellagra, initially described as 
a result of a millet (jowar) based diet. 
Jowar [sorghum vulgare), which contains 
much presumably available niacin, is not 
low in tryptophan but is high in leucine. 
Belavady and Gopalan'** noted that jowar, 
fed as 65 percent of a diet, produced black- 
tongue in dogs. The same laboratory has 
reported'*^ that the addition of leucine to a 
casein-based ration enhanced urinary excre- 
tion of quinolinic acid (a tryptophan 
metabolite) in rats, and that the addition of 
1 mg of niacin per 100 g of ration partially 
reduced this increase and the addition of 
100 mg of tryptophan did not alter it. In 
man'*®"'*'* they reported a similar increase of 
urinary quinolinic acid and an accompany- 
ing decrease in excretion of N-methylnic- 
otinamide and 6-pyridone after administra- 
tion of leucine to normal subjects. They 
further reported that a 10 g daily supple- 
ment of L-leucine decreased the ability of 
erythrocytes of normal subjects and pella- 
grins to synthesize nicotinamide nucleo- 
tides when incubated with niacin. However, 
there were no differences in erythrocyte 
nucleotides of pellagrins and non-pellagrins. 



Dietary Allowances 

Despite these uncertainties, the current 
estimates'^ of adult human needs for 
niacin likely are sound guidelines because 
they are based upon intakes of subjects 
who, under either conditions leading to 
endemic pellagra or experimentally induced 
disease, manifested evidences of niacin 
deficiency, along with accompanying bio- 
chemical and dietary analyses, and because 
they include reasonable allowances for 
niacin equivalents. The Recommended 
Dietary Allowances (RDA, 1974)'^^ for 
adults, expressed as niacin, is 6.6 mg per 
1000 kcal, and not less than 13 mg at 
caloric intakes of less than 2000 kcal. The 
FAO/WHO guidelines for nutritional re- 
quirements (1974)'^®’“^® are essentially the 
same. The RDA'^® notes that: 

There are no data on the niacin require- 
ments of children from infancy through 
adolescence. The possibility exists that the 
efficiency of tryptophan conversion to 
niacin in rapidly growing children may differ 
from that observed in adults . . . Human 
milk contains approximateiy 0.17 mg of 
niacin and 22 mg of tryptophan per 100 ml 
or 70 cal.'^® The niacin allowance recom- 
mended for infants up to six months is 8 mg 
per 1000 kcal, about two-thirds of which 
will ordinarily come from tryptophan; and 
for children over six months and adoles- 
cents, 6.6 mg per 1000 kcal, but not less 
than 8 mg daily. 

There is no information on the niacin re- 
quirements of pregnant and lactating 
women . . . The allowance recommended 
provides an increase of 2 mg of niacin daily 
during pregnancy, based on the recom- 
mended increase in energy intake. For lacta- 
tion, an additional daily allowance of 4 mg 
of niacin is recommended, consistent with 
the additional allowance of 500 kcal. 

These are summarized in Table 1. Allow- 
ances for children and pregnant women are 
based upon less direct evidence, but again 
in practice carry the convincing weight of 
observed protectiveness against recogniza- 
ble deficits. 

Hartnup's Disease 

A rarely occurring familial (homo- 
zygous) deviation of niacin-tryptophan 
metabolism that produces a clinical syn- 


. ,y ■ Table 1 

Recommended Dietary Allowances of Niacin 


Age 

RDA 


in years 

(mg) 

Infants 

0.0-0.5 

5 


0.5-1. 0 

8 

Children 

1-3 

9 


4-6 

12 


7-10 

16 

Males 

11-14 

18 


15-18 

20 


19-22 

20 


23-50 

18 


51 + 

16 

Females 

11-14 

16 


15-18 

14 


19-22 

14 


23-50 

13 


51 + 

12 

Pregnant 


+2 

Lactating 


+4 


drome mimicking pellagra is known as 
Hartnup's disease (originally H disease),®® 
characterized by a photosensitivity and 
dermatitis, ataxia and psychiatric changes, 
and massive aminoaciduria involving 
monoamino-monocarboxylic acids.® ^ 
Patients have diminished intestinal absorp- 
tion of these amino acids, as well as de- 
creased tubular resorption of them, with 
resulting increased intestinal decomposition 
of tryptophan. Oral ingestion of the latter 
leads to urinary excretion of large 
quantities of indoxyl sulfate (indican), 
indolylacetic acid, and indolylacrylogly- 
cine, all products of intestinal bacterial 
action on tryptophan. The patients have 
impaired ability to convert tryptophan to 
kynurenine and nicotinamide, due at least 
in part to the absorptive defect, in general 
they respond satisfactorily to administered 
niacin (nicotinamide). Study of this condi- 
tion, described in 1952 and named for the 
first family in which it was recognized, 
further solidifies the importance of the 
concept of tryptophan as a precursor of 
niacin in man. 
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Pharmacologic Effects 

Massive doses of nicotinic acid (but not 
the amide) early were observed to produce 
vascular dilatation or "flushing," with ac- 
companying sensation of burning or sting- 
ing of the face and hands. This pharmaco- 
logic effect varies from person to person 
and is said to be reduced by simultaneous 
ingestion of glycine. It has been used 
therapeutically in efforts to induce cere- 
brovascular dilatation in senile ataxia, and 
as a "harmless" placebo in management of 
some hypochondriacs. Dosing with 
nicotinic acid of infants with kwashiorkor 
(mistakenly called "infantile pellagra") 
proved ineffective or injurious,^ ^ probably 
because of the demand created by the 
added niacin for increased methylation in a 
state of protein deficiency with, often, 
pronounced hepatic injury. 

An extensively studied pharmacologic 
property of niacin is the lowering of serum 
cholesterol and lipoprotein concentrates by 
massive (usually 3 or more grams per day) 
oral doses of nicotinic acid.® Nicotina- 
mide does not share this effect. Reduced 
levels of free and esterified cholesterol and 
of i3-lipoprotein cholesterol fraction occurs. 
Substitution of nicotinamide does not 
maintain the effect. Among the metabolic 
effects of large doses of nicotinic acid two 
seem noteworthy; the decreased mobiliza- 
tion of fatty acids from adipose tissue in 
exercising subjects®® and the increased 
utilization of muscle glycogen stores.®® 
Similar effects on cardiac muscle metabo- 
lism have now been reported, i.e., inhibi- 
tion of use of free fatty acids as energy 
substrates by human myocardial tissue and 
depletion of glycogen and muscle fat 
through increased myocardial utilization.®'^ 
Such evidence together with earlier obser- 
vations®®'®"^ suggesting that long-term 
high-dose nicotinic acid therapy may in 
some instances be associated with appear- 
ance of laboratory evidence of diabetes and 
of hepatic injury, as well as activation of 
peptic ulcers (with use of the unbuffered 
acid) all emphasize the non-physiologic 
levels of niacin involved. 
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The Coronary Drug Project Research 
Group®® studied the efficacy and safety of 
several lipid-influencing drugs in long-term 
therapy of coronary heart disease in men 
with proven previous myocardial infarc- 
tions. Fifty-three project clinical centers 
recruited 8,341 patients and compared in a 
double-blind manner the therapeutic agents 
with a lactose placebo. Niacin in doses of 
3.0 g per day was received by 1,119 sub- 
jects. The treatment periods ranged from 
beginning of therapy between March 1966 
and October 1969 to termination during 
June through August 1974, with a mean 
therapeutic time of 74 months. Conclu- 
sions of the project relative to niacin 
were:®® 

. . . there is no evidence of efficacy of 
niacin with regard to total mortality. The 
five-year total mortality for niacin was 
slightly higher than that for the placebo 
group (21.2% vs 20.9%). For the total 
follow-up experience, the niacin group had a 
somewhat— but not statistically significant- 
lower mortality (24.4%) than the placebo 
group (25.4%). No sub-group of patients was 
identified in which niacin showed a bene- 
ficial effect with respect to five-year total 
mortality. The niacin group did experience a 
statistically significant lower incidence of 
definite, nonfatal myocardial infarction than 
the placebo group; the five-year rates were 
8.9% for niacin and 12.2% for placebo, while 
the incidence for the total follow-up exper- 
ience was 10.2% for niacin and 13.8% for 
placebo . . . Data from this study confirmed 
previously reported findings of increased 
incidence of gastrointestinal problems and 
elevated levels of serum enzymes, serum uric 
acid, and plasma glucose in men taking 
niacin. The long-term clinical significance of 
these chemical changes is unknown. 

In conclusion, the Coronary Drug Project 
data yield no evidence that niacin influences 
mortality of survivors of myocardial infarc- 
tion; this medication may be slightly bene- 
ficial in protecting persons to some degree 
against recurrent nonfatal myocardial infarc- 
tion. However, because of the excess inci- 
dence of arrhythmias, gastrointestinal 
problems, and abnormal chemistry findings 


I in the niacin group, great care and caution 

must be exercised if this drug is to be used 
for treatment of persons with coronary heart 
I disease. 

Megavitamin Therapy 

f Over the past 20 years, some therapists 

! have advocated so-called megavitamin 
therapy for certain psychiatric ills.®® This 
; originated with a mode of treatment pro- 
posed for schizophrenia employing massive 
doses of niacin (termed by the advocates 
vitamin 63 ). Later, advocates of mega- 
vitamin therapy have added a variety of 
^ other derivatives and vitamins in massive 
amounts to their proposed armamentarium, 
as well as a widening variety of diseases of 
obscure origin which they propose for 
treatment or prevention. The therapeutic 
regimen or concept has now been termed 
"orthomolecular treatment." 

The Task Force on Vitamin Therapy in 
Psychiatry of the American Psychiatric 
Association has examined the evidence rela- 
tive to this matter and concludes®® that: 

... the results and claims of the advo- 
cates of megavitamin therapy have not been 
confirmed by several groups of psychiatrists 
and psychologists experienced in psycho- 
pharmacological research . . . The theoretical 
basis for megavitamin treatment especially 
with nicotinic acid has been examined and 
found wanting... under these circum- 
stances this Task Force considers the massive 
publicity which they promulgate via radio, 

; the lay press and popular books, using catch 

phrases which are really misnomers like 
T 'megavitamin therapy' and 'orthomolecular 

treatment' to be deplorable. 

Biochemical Assessment of Nutriture 
The metabolic basis for the clinical bio- 
chemical assessment of niacin nutriture is 
: the excretion of two metabolites of 

' niacin;®® -methyinicotinamide and 

' -methyl-2-pyridone-5-carboxylamide 

(2-pyridone). Normally adults excrete 20 
to 30 percent of their niacin as the N- 
methyl and 40 to 60 percent as the 2- 
' pyridone metabolites. Sauberlich et al®° 

consider the most promising procedure for 
evaluation of nutriture to be use of the 
2-pyridone/N^ -methyinicotinamide uri- 
j nary excretion ratio since the ratio of 


1. 3-4.0 usually exists but as depletion 
occurs the 2 -pyridone is absent for weeks 
before clinical signs are noted while the 
N^-methylnicotinamide excretion falls to a 
minimum at about the time clinical signs 
are evident. Hence, a ratio value of less 
than 1.0 is suggested by DuPlessis®^ and de- 
Lange and Joubert®^ as indicative of latent 
niacin deficiency. For survey studies 
measurement of N^-methylnicotinamide 
has been most widely employed and is con- 
venient. However, the method suffers from 
poor reproductibility in the hands of some 
workers and from the frequent presence in 
urine of interfering compounds. Imperfect 
though they are, these procedures do per- 
mit the monitoring of successive stages of 
depletion of subjects and the assessment of 
dietary intakes of population groups in well 
designed nutrition surveys.®® The analysis 
for 2 -pyridone, however, is tedious and 
time consuming. Estimations of blood 
serum or cellular levels of nicotinamide 
nucleotides have not proved to be fruitful 
methods of assessing nutriture. The further 
refinement of biochemical assessment of 
niacin nutriture will likely result from 
improved analytical methodology and 
better information relative to the variations 
of the metabolites during differing levels of 
nutriture. □ 
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CLifiliCAL f^iUTRITIOSy 


VITAMIN LEVELS AT TERM AND IN THE NEONATE 

Nine water-soluble vitamins were injected into mothers shortly before delivery. 
Subsequent levels In their babies were then compared with the maternal levels. 


Key Words: vitamins, neonatal, maternal, term 
The fetus inevitably takes its mother for 
better or for worse with regard to nu- 
trition. A previous study^ showed that 
levels of water-soluble vitamins, although 
higher in the newborn infant, are related to 
the levels in maternal circulation at de- 
livery. 

The present study by Kaminetzky and 
his co-workers^ is an amplification of this 
previous work. Forty-six women in labor 
were given an intravenous injection of vita- 
mins after blood had been withdrawn for 
baseline studies. The vitamins given were 
thiamin, riboflavin, niacinamide, pyri- 
doxine, pantothenate, biotin, vitamin C, 
folic acid and cyanocobalamin. im- 
mediately after delivery, samples of 
maternal and cord blood were obtained and 
levels of each vitamin measured. The base- 
line levels were compared with blood 
vitamin levels determined in two previous 
studies; first, of random hospital patients 
vvhere levels constituting 'hypo- 
vitaminemia' were defined^ and second, of 
well-nourished pregnant women who were 
found to have values within the non- 
pregnant range. ^ It was necessary to in- 
clude data from the previous paper^ since 
sll the mothers were given vitamin injec- 
tions. Thus cord blood levels at time zero, 
i.e. before injection, had to be derived from' 
the previous study. Maternal and cord 
blood levels of each vitamin were followed 
for up to five hours. The number of obser- 
vations at one, two and five hours de- 
pended on the interval between the injec- 
tion of the vitamins and delivery. 

Within this study of 46 women and their 
babies, hypovitaminemia, as defined, was 
found for pyridoxine, folate, vitamin 
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and thiamin. Maternal and cord blood 
levels are compared for hypovitaminemic 
and normovitaminemic groups. The claim 
that cord blood levels for these four vita- 
mins are lower in those babies born to 
hypovitaminemic mothers when compared 
with normal is not very obviously sub- 
stantiated from the data as graphically 
presented. 

Cord levels derived from data where no 
vitamins were given to the mother are 
generally higher than those pertaining in 
the maternal circulation. This is especially 
so in the case of riboflavin and panto- 
thenate. Sequential data from successive 
deliveries indicates that, after injection, 
peak vitamin levels are mostly found coin- 
cidently in both mother and fetus at one 
hour. Pantothenate peaks at two hours and 
cord riboflavin at two hours, i.e. an hour 
later than the maternal peak. It is claimed 
that vitamin C peaks at 30 minutes in both 
mother and baby but no observations be- 
fore one hour are recorded. Cord levels are 
higher than maternal levels at all time inter- 
vals for thiamin, biotin, vitamin C, ribo- 
flavin, niacinamide and pantothenate but 
not for folate, pyridoxine and vitamin B ^ 2 • 
Thus although there may be placental 
transfer mechanisms favoring the fetus for 
some, this is not true for all the vitamins. 
The data suggest that such mechanisms 
may exist but could also be explained by 
different relative degrees of binding in 
serum or clearance by the fetal or maternal 
tissues. 

General criticism must be made con- 
cerning the presentation of the data in this 
paper. For example, no standard deviation 
for each group of serial observations is 
given. The conclusions drawn are not always 






substantiated by the data, numbers are 
small and the ensuing speculation goes 
farther than the facts might indicate. □ 
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THE ENDOCRINOLOGY 

OF ADULT PROTEIN-CALORIE MALNUTRITION 

Adults with protein-calorie malnutrition have metabolic and endocrine changes 
similar to those seen in children. Thyroid and adrenocorticai changes have been studied 
in detail and shown to be more complicated than had been appreciated previously. 


Key Words; adult protein-calorie malnutrition, 
amino acids, thyroid hormones, growth hormone, 
adrenal cortex, cortisol, ACTH 

Protein-calorie malnutrition (PCM) has 
been less intensively studied in adults than 
in children partly because of a lower inci- 
dence and partly because of preoccupation 
by the investigator with the effects of PCM 
on the developing individual. PCM in the 
adult is not rare, however, and is of special 
interest because comparison of the sick 
with the recovered patient is not compli- 
cated by the resumption of growth. 
Furthermore the larger size and coopera- 
tion of the adult make sophisticated in- 
vestigations easier to perform and minimize 
ethical problems. Smith and his colleagues 
recently made a number of studies on 
Bengali adults with PCM, paying particular 
attention to endocrine changes. 

The subjects were mainly youths and 
men with severe PCM who were selected 
from refugee camps, out-patient clinics and 
refugee camps in and near Calcutta. Clinical 
criteria for selection were the signs of 
severe PCM and the absence of other 
important disease such as tuberculosis. The 
patients were admitted to the hospital 
where they were initially fed a predomi- 


nantly rice diet containing approximately 
600 kcal and 12 g protein per day while 
intercurrent infections and infestations 
were treated and baseline measurements 
made. After completion of the initial 
studies, which lasted up to two weeks, the 
diet was changed to one containing ap- 
proximately 3000 kcal and 150 g protein. 
The extra protein was derived mainly from 
milk, fish and eggs. When the subjects re- 
gained clinical normality, which took from 
two to four months, the tests were re- 
peated. 

The first study^ concentrated on nitro- 
gen and amino acid metabolism. On ad- 
mission there was the characteristic re- 
duction in body weight which was 72 per- 
cent of that attained on recovery. This was 
coupled with reduction in midarm cross- 
sectional area by 40 percent and urinary 
creatinine excretion by 58 percent. This 
loss of muscle mass coupled with edema 
and hypoalbuminemia led the authors to 
conclude that virtually all their patients 
had marasmic-kwashiorkor. In this study a 
specially low nitrogen intake of 2 g per day 
was given initially. Three to 14 days after 
admission urinary nitrogen excretion 
averaged 3 g per day. By theoretical cal- 
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] ■!"' , culation of stool and skin losses a figure for 
|p| || ,1 a negative nitrogen balance of 2.4 g per day 
j j ; : was also achieved. After recovery the in- 
j I' take was 25 g per day, the urinary loss 13 g 
; per day resulting in a net positive balance 

of 6.6 g per day. Recovery was associated 
1 with a rise in mean serum urea nitrogen 
j . I from 8.8 to 1 5.8 mg per 1 00 ml. 

:;i i Plasma levels of individual essential 
amino acids were all reduced on admission 
I when compared with normal American 
; men studied by the same workers. Values 
rose with refeeding and at the second test 
only the plasma methionine level was sig- 
' ! ’ nificantly reduced among the essential 

i . amino acids. Nonessential amino acids 

I ! showed a different pattern, glycine levels 
being high and cystine, tyrosine, arginine, 
j ' histidine and a-aminobutyrate being low 
! on admission. Refeeding caused a general 
1 rise in plasma nonessential amino acids 
I with the exception of glycine, and most 
i became significantly higher than those of 
the American controls. Alpha-aminobuty- 
rate was the most obvious exception, re- 
maining significantly subnormal. Simul- 
taneous forearm arterial and venous plasma 
I from fasted patients was analyzed to esti- 

Ij mate the net release or uptake of amino 

acids by forearm tissues. No change was 
j noted between the malnourished and re- 
j covered states but comparison of either 
1 ; with normal American subjects revealed 
I that the negative arteriovenous difference 
for alanine, threonine, histidine, lysine and 
proline was significantly less in the patients 
indicating a smaller release of these amino 
I acids in PCM. In three subjects brachial 
: ' artery blood flow was measured. This was 
i I grossly reduced on admission being 21 ml 
per minute compared with 64 ml per 
minute in the Americans and on recovery 
i rose to 1 1 2 ml per minute. The significance 
I of this apparent hyperemia is doubtful, 

i however, because of the small number of 

; ! observations. These results are in general 
what might have been expected by extra- 
polation from earlier work in infantile PCM 
I : but contrast with the findings in starved 

I obese Americans.^ They serve to document 
! the patients clinically and in some respects 
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metabolically for the associated endocrine 
investigations. 

Growth hormone (GH) secretion was 
studied in three ways on successive days via 
an indwelling plastic cannula.^ All doses of 
infusate were calculated as a function of 
ideal body weight. On the first day 0.5 g 
glucose per kilogram was infused over three 
minutes, on the second 0.5 g arginine per 
kilogram over 30 minutes and on the third, 
50 g casein hydrolysate over two to five 
hours. The mean fasting plasma GH based 
on nine samples from each patient was 19.6 
± 3.5 ng per milliliter on initial study and 
3.8 ± 0.5 ng per milliliter on recovery. The 
glucose infusion caused a rapid, significant 
fall in plasma GH of 5 ng per milliliter at 
three minutes which returned to the base- 
line by 30 minutes and subsequently rose 
in the hour thereafter to peak at twice 
fasting levels at 60 minutes. When the same 
test was performed on refed patients no 
change in plasma GH occurred. 

Arginine infusion caused a rise in plasma 
GH both on admission and after recovery 
with no significant difference between the 
two except for the 90 minute postinfusion 
sample which was 16 ng per milliliter above 
basal in malnourished patients and similar 
to the peak response at 60 minutes, where- 
as on recovery the 90 minute sample was 
falling toward the fasting value. Casein 
hydrolysate produced a large but variable 
rise in plasma GH in the malnourished sub- 
jects which persisted for six hours and a 
much smaller but qualitatively similar re- 
sponse following recovery. The variation in 
individual responses may have been related 
to the wide time range for the infusion. 
The raised fasting plasma GH levels at the 
time of initial study were correlated with 
the plasma concentrations of amino acids 
and other metabolites but the only signifi- 
cant association found was a positive cor- 
relation between GH and urea nitrogen. 

The fasting plasma GH levels in adults 
mimic those in infants with PCM closely."^ 
What may be of even greater interest, the 
response of the adult with PCM to intra- 
venous glucose is similar to that of the 
normal newborn.^ The response of the 




adult to intravenous arginine contrasts with 
that of infants in whonn no rise in plasma 
GH occurs.®’^ There is also a contrast in 
response to casein hydrolysate in adults 
with the production of a fail in plasma GH 
in infants with PCM by a mixture of es- 
sential amino acids.® This last difference 
may be related to the route of administra- 
tion, however, since the infants were in- 
fused via a nasogastric tube. 

Thyroid function was assessed® by meas- 
uring plasma thyrotropin (TSH), thyroxine 
(T4) and tri-iodothyronine (T3) by radio- 
immunoassay, free T^ and T3 by equili- 
brium analysis and thyroxine binding 
globulin by competitive ligand binding 
assay. The mean plasma T^ of the un- 
treated patients was 8.2 ug per 100 ml 
which did not differ significantly from the 
value on recovery of 7.7 fig per 100 ml. 
The dialyzable fraction before treatment 
was 0.048 percent which was nearly twice 
the value in the same patients following 
recovery, 0.029 percent. This resulted in 
the mean free T4 concentration being 3.8 
ng per 100 ml on admission and 2.2 ng per 
100 ml after refeeding. In contrast to these 
results the total plasma T3 was 21 ng per 
1 00 ml before treatment and 96 ng per 1 00 
ml afterwards. As with T4 the dialyzable 
fraction of T3 was higher before treatment 
but not so much as to offset the difference 
in total T3 concentration with the result 
that mean plasma free T3 before treatment 
was 94 pg per 100 ml and afterwards 303 
pg per 100 ml. In comparison with normal 
American adults the free T4 of the patients 
was abnormally high before treatment and 
abnormally low after, whereas T3 was low 
before and normal after. 

Plasma TSH and thyroid binding glo- 
bulin levels did not change with treatment 
and both were raised by normal American 
adult standards. The disturbance of thyroid 
function in PCM illustrated by these results 
is more profound and complicated than 
had hitherto been appreciated.^ The de- 
crease in plasma albumin and thyroxine- 
binding prealbumin, both of which are 
capable of carrying T3, is inadequate to 
explain the large fall in plasma concentra- 
tion of this hormone. Interference with 


binding of T3 cannot be invoked since 
bound T4 was present in normal concen- 
trations and free T3 was reduced as well as 
the bound fraction. The question of altera- 
tion in peripheral metabolism of T4 and T3 
seems a more promising possibility to ex- 
plain the levels found initially. Degradation 
rates of either hormone have not been 
measured and will be contributory, but the 
most likely possibility seems to be that 
there is a failure of extra thyroidal deiodi- 
nation of T4 to T3. This concept has im- 
portant clinical implications as the physio- 
logical actions of the two thyroid hor- 
mones are thought to differ; T3 is con- 
cerned more with thermogenesis and T4 is 
concerned with general metabolic activ- 
ity.^® Again the changes in adult PCM may 
be recapitulating those in the normal 
neonate who also has a low serum T3 and 
high T4.“ 

The study of adrenocortical function in 
these patients also proved rewarding.^® At 
the time of admission blood was collected 
at 0900 and 1300 for plasma ACTH and 
cortisol measurements and 24-hour urine 
collections were assayed for free cortisol, 
17-hydroxycorticosteroids (17-OHCS) and 
1 7-ketosteroids (17-KS). The metabolic 
clearance rate of cortisol was measured by 
infusion of tritiated cortisol. The integrity 
of the pituitary adrenal axis was studied 
using metyrapone, dexamethasone and 
ACTH. 

The basal plasma cortisol levels at both 
0900 and 1300 were raised before treat- 
ment in comparison to the refed state. The 
urinary free cortisol excretion was the same 
before and after treatment when expressed 
as total output, but when correction was 
made for the reduction in creatinine clear- 
ance in PCM the pretreatment free cortisol 
excretion was raised. The authors deduce 
from this that circulating free cortisol 
levels are raised in PCM. No significant 
difference could be demonstrated in plasma 
ACTH levels before and after refeeding, 
however. Urinary 17-OHCS and 17-KS 
were markedly reduced before treatment. 

The mean clearance rate of cortisol at 
the time of initial study was approximately 
half that after treatment when the rate was 

NUTRITION REVIEWS I VOL. 33, NO. 10 I OCTOBER 1975 301 





similar to that of normal Americans. The 
cortisol production rate did not differ sig- 
nificantly before and after refeeding. 
Plasma ACTH levels rose in response to 
metyrapone in a manner similar to that of 
normal Americans. ACTH produced a brisk 
and similar rise in plasma cortisol both 
before and after treatment. Dexametha- 
sone, on the other hand, failed to suppress 
plasma cortisol in the patients at the time 
of initial study, but a normal response was 
obtained after they had recovered from 
PCM. 

The results of these investigations are 
very similar to earlier studies on infants 
with PCM.^^’^"^ The pathophysiology of 
cortisol secretion in PCM at both ages 
seems to have two important facets. The 
metabolism of cortisol is impaired resulting 
in a reduction in the mean clearance rate 
and in urinary 17-OHCS excretion together 
with a raised total and free plasma cortisol 
level in the face of reduced production 
rate. The other feature is that, although 
integrity of the adrenal response to ACTH 
is preserved, the other half of the feedback 
loop is set abnormally insofar as dexa- 
methasone does not suppress plasma corti- 
sol levels. This is probably the consequence 
of continued ACTH secretion despite 
adequate circulating levels of gluco- 
corticoids. The possibility that a hypo- 
thalamic drive is overriding the potential 
glucocorticoid inhibition must be con- 
sidered. 

It is interesting in considering this group 
of papers to see how closely PCM in adult 
life mimics PCM in childhood. The work of 
Smith and his co-workers is helpful in docu- 
menting this fact, especially in areas where 
they have been able to investigate in more 
detail than might have been possible had 
their patients been infants. Their measure- 
ments of metabolites and polypeptide 
hormones essentially recapitulated what 
has already been described in younger 
patients. The observations on the thyroid 
hormones and cortisol on the other hand 
added new depth to our understanding of 
PCM and pose questions which may be of 
general physiological relevance. □ 

302 NUTRniON REVIEWS I VOL 33, NO. 10 I OCTOBER 1975 


1. S. R. Smith, T. Pozefsky and M. K. Chhetri: 
Nitrogen and Amino Acid Metabolism in 
Adults with Protein-Calorie Malnutrition. 
Metabolism 23:603-618, 1974 

2. P. Felig, 0. E. Owen, J. Wahren and G. F. 
Cahill: Amino Acid Metabolism during Pro- 
longed Starvation. J. din. invest. 48: 
584-594, 1969 

3. S. R. Smith, P. J. Edgar, T. Pozefsky, M. K. 
Chhetri and T. E. Prout: Growth Hormone in 
Adults with Protein-Calorie Malnutrition. J. 
din. Endocrinol. Metab. 39: 53-62, 1974 

4. Endocrine Adaptation to Malnutrition. Nutri- 
tion Reviews 30: 103-106, 1972 

5. P. Stubbe, J. Leititis, W. Leppla and H. Wolf: 
Provocation of Growth Hormone and Insulin 
Secretion in Full-Term Infants Small for Ges- 
tational Age. Pediat. Res. 7: 58, 1973 

6. F. Beas, I. Contreras, A. Maccioni and S. 
Arenas: Growth Hormone in Infant Malnutri- 
tion: The Arginine Test in Marsamus and 
Kwashiorkor. Brit. J. Nutrition 26: 169-175, 
1971 

7. G. G. Graham, A. Cordano, R. M. Blizzard 
and D. B. Cheek: Infantile Malnutrition. 
Changes in Body Composition during Rehabil- 
itation. Pediat. Res. 3: 579-589, 1969 

8. R. D. G. Milner: Metabolic and Hormonal 
Responses to Oral Amino Acids in Infantile 
Malnutrition. Arch. Dis. Child. 46: 301-305, 
1971 

9. I. J. Chopra and S. R. Smith: Circulating 
Thyroid Hormones and Thyrotropin in Adult 
Patients with Protein-Calorie Malnutrition. J. 
din. Endocrinol. Metab. 40: 221-227, 1975 

10. P. N. Nathanielsz: Thyroid Function in the 
Fetus and Newborn Mammal. Brit. Med. Bull. 
31: 51-56, 1975 

11. J. Abuid, D. A. Stinson and P. R. Larsen: 
Serum Triiodothyronine and Thyroxine in the 
Neonate and the Acute Increases in These 
Hormones Following Delivery. J. din. Invest. 
52: 1195-1199, 1973 

12. S. R. Smith, T. Bledsoe and M. K. Chhetri: 
Cortisol Metabolism and the Pituitary-Adrenal 
Axis in Adults with Protein-Calorie Malnutri- 
tion. J. din. Endocrinol. Metab. 40: 43-52, 
1975 

13. G. A. 0. Alleyne and V. H. Young: Adreno- 
corticol Function in Children with Severe 
Protein-Calorie Malnutrition, din. Sci. 33: 
1 89-200, 1 967 

14. P. J. Leonard and K. M. MacWilliam: Cortisoi 
Binding in the Serum in Kwashiorkor. J. 
Endocrinol. 29: 212-21 Q, 1964 











VOLUME 56, NUMBER 3 
July 11, 1955 


Pages 371-386 


STUDIES OF NIACIN REQUIREMENT IN MAN 

II. REQUIREMENT ON WHEAT AND CORN DIETS 
LOW IN TRYPTOPHAN 

GRACE A. GOLDSMITH, HAROLD L. ROSENTHAL, JANIS 
GIBBENS AND WALTER G. UNGLAUB 

Nutritional Research Laboratory , Departments of Medicine and Biochemistry, 
Tulane University School of Medicine and the Charity Hospital of 
Louisiana at New Orleans, Louisiana 

(Received for publication January 24, 1955) 

The niacin requirement of humans can be determined only in 
relation to the tryptophan content of the diet since it has been 
shown that the amino acid tryptophan is converted to niacin com- 
pounds in man as well as in many other species (Sarett and Gold- 
smith, ’47, ’49; Perlzweig et ah, ’47). Two basic diets have been 
devised for investigating niacin requirement, one high in corn, the 
other high in wheat. Each diet furnishes approximately 200 mg of 





tryptophan which should supply little more than the minimum re- 
quirement for this amino acid (Rose, ’49). In a previous study 
(Goldsmith et ah, ’52) each of three subjects who received the 
“corn” diet, which furnished approximately 4.7 mg of niacin and 
190 mg of tryptophan for more than 50 days developed pellagra. On 
the other hand, no signs of niacin deficiency were observed in one 
subject who received the “corn” diet supplemented with 2 mg of 
niacinamide daily for 1 22 days, nor in a second subject who received 
a “wheat” diet, wloich furnished approximately 5.7 mg of niacin and 
230 mg of tryptophan, for 95 days. 

o o o 

In this report, clinical findings and the urinary excretion of niacin 
and tryptophan metabolites during the “wheat” regimen will be 
discussed, and compared with those observed previously when the 
“corn” diet was administered. In addition, data obtained in 6 
subjects who received the “com” diet supplemented with several 
levels of niacinamide will be presented. 
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DISCUSSION 

The association of com diets with pellagra has been recognized for 
centuries. Possible explanations for this association include (1) the 
low tryptophan content of corn, (2) the presence of “bound” niacin 
in corn which is unavailable to the body, (3) imbalance of amino 
acids in diets which contain large quantities of corn products and (4) 
a “toxic” or inhibitory factor in corn. 
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SUMMARY 


iir 
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Three subjects were maintained for 90 to 105 days on a “wheat” 
diet wloich furnished approximately 5 mg of niacin and 200 mg of 
tryptophan daily. One subject developed typical niacin deficiency 
beginning 80 days after the diet was instituted, a second developed 
amenorrhea, herpes of the hp and slight redness of the tongue 
papiUae, and a third showed lassitude and depression as the only 
chnical findings. In contrast to this, each of three subjects previously 
mahitained on a “corn” diet of comparable niacin and tryptophan 
content showed the characteristic clinical picture of niacin deficiency 
after about 50 days of the experimental period. Excretion of 
-methylnicotinamide decreased to lower levels within a shorter 
period of time, and tryptophan excretion was slightly lower during 
the com than during the wheat regimen. 


I The time at which pellagra developed, and the severity of the 

" deficiency, seemed to be related to the intake of niacin and 

I tryptophan per unit of body size with both the “wheat” and “com” 

I diets. However, this relationship may not completely explain differ- 

I ences in clinical and laboratory findings between the two regimens. 

I The low tryptophan content of com may not be the sole explanation 

I of the pellagragenic effect of this cereal. 

)■ 

_ I When the “corn” diet was supplemented with varying amounts of 

niacinamide a significant increase in excretion of niacin metabolites 
I occurred when the intake approximated 8 to 10 mg daily. These data 

I suggest that with the “corn” diet, which furnishes 200 mg of 

I tryptophan daily, body niacin stores approach adequacy when the 

I diet supphes 8 to 1 0 mg of niacin. 


d 




EXPEKii^Ei^TAL i^UTOITiOi^ 


■« 

BRAIN AND MYOCARDIAL LESIONS IN COPPER-DEFICIENT 

YOUNG RATS 

When copper deficiency was produced in young rats by feeding their dams a low 
copper diet through gestation and pregnancy, the offspring showed changes in 
myelination and in the cerebellar levels of copper-containing enzymes. Myocardial 
damage, with death from heart failure, also appeared but the myocardial lesions 
were not accompanied by vascular lesions. 


Key Words: copper deficiency, elastin, enzymes, 
brain lesions, cytochrome oxidase 
in addition to the long-established require- 
ment for copper in hematopoiesis, recent 
work demonstrated another function of 
copper in the vascular system. This is the 
requirement of copper for elastin forma- 
tion.^ Elastin, a structural protein occur- 
ring in aorta and tendons, is the basis of the 
elasticity of these organs. In copper- 
deficient chicks, the amount of elastin in 
the aorta is reduced. The decrease in elastin 
appears to result from decreased oxidative 
deamination of lysine. This is required for 
formation of desmosine, a cross-linked 
structure formed by the condensation of 
four lysine residues.^ The enzyme, lysyl 
oxidase, appears to be involved in the oxi- 
dative deamination of the epsilon-amino 
group. ^ The activity of this enzyme, which 
may require copper, is reduced in the aorta 
and in the liver in copper deficiency. Addi- 
tion of purified preparations of the enzyme 
to aortic tissues from copper-deficient rats 
increases conversion of lysine to desmo- 
sine.^ 

The involvement of copper in the devel- 
opment of the nervous system is also well 
established in animal nutrition.^ In grazing 
animals, copper deficiency results in the 
condition called “enzootic neonatal 
ataxia". Neurological abnormalities have 
been observed in newborn guinea pigs and 
rats. These abnormalities, which depend 
upon the degree of copper deficiency, in- 
clude neuronal necrosis in lambs, cerebellar 
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defects with delayed myelination in guinea 
pigs and necrotic neural tissue in rats. The 
cerebellum is especially susceptible to 
undernutrition because of postnatal inter- 
neuron and neuroglial proliferations. 

Recent experimental work in both of 
these areas showed that brain lesions in the 
copper-deficient rat appear similar to some 
of the symptoms of Menkes' disease in 
children.'^ Copper deficiency can also af- 
fect the myocardium itself, independent of 
the arterial damage caused by the defic- 
iency.® Menkes'® disease (the steely-hair 
syndrome) in children is a sex-linked dis- 
order which results in cerebral and cere- 
bellar degeneration, scorbutic-like changes 
in bone and a change in hair texture. This 
condition appears to involve a defect in 
copper absorption since the reduced serum ^ 
copper can be increased by high doses of 
oral copper supplements.^ 

In experiments testing the copper- 
deficient neonatal rats as a possible model 
for studying the neuropathology of 
Menkes' disease, weanling female rats were 
fed a low-copper diet (0.3 pg copper per 
gram) for nine weeks, then bred. During 
gestation, they were fed on a diet contain- 
ing 2 juQ copper per gram. After the birth of 
the young (eight pups allotted per dam), 
the cams were refed the low copper diet, k 
and the young were continued on this diet 
at weaning. In the control experiment, 
female rats were fed a diet supplying 1 8 pg 
per gram from the eighth day of gestation 
through lactation (eight pups allotted per 



dam). The young were continued on this 
diet after weaning. The diet contained 25 
percent casein, 5 percent fat with sucrose 
^ as the carbohydrate. The casein was washed 
' with EDTA to reduce the copper content, 
and the drinking water was triple distilled. 

The young female rats fed the copper- 
deficient diet appeared hyperactive when 
handled. Their growth was quite irregular; 
three of 1 8 rats died before parturition and 
three more died after parturition. These rats 
showed cardiac hypertrophy, softening of 
the bones and loss of surface vascularity of 
the cerebral hemispheres. The copper- 
deficient pups were smaller at birth and at 
all subsequent stages than the control pups. 
The deficient pups weighed 43 g at 22 days 
and 60 g at 28 days, in comparison with 66 
g and 100 g for the controls at the same 
age. The brain and cerebellar weights of the 
deficient pups, however, were not signifi- 
cantly smaller, except at weaning. No other 
external symptoms appeared, except for 
the coat, which was thin and unkempt. 
(Presumably, the rats were of an albino 
strain since achromotrichia was not men- 
tioned in the deficient rats.) 

Analysis of the brains (minus cerebella) 
for copper showed that the concentration 
(micrograms per gram of wet tissue) in the 
controls tripled from five to 1 5 days of age 
(from ca. 0.6 to 1.5 lug per gram), then rose 
to 2.0 iiq per gram at 24 days, with no 
additional increase at 28 days. In contrast, 
'"i' the concentration in the deficient rats was 
ca. 0.4 jug per gram at three days, 0.6 Mg 
per gram at 1 2 days and 0.4 Mg per gram at 
28 days. Evidence for retardation in cere- 
bellar development was a lower concentra- 
tion of the enzyme, 2', 3'-cyclic nucleotide 
3'-phosphohydrolase, which is used as an 
index of myelin formation in the central 
nervous system. In both groups, the 
' activity of this enzyme increased from 12 
to 28 days of age, but the activity remained 
significantly lower at all times in the de- 
ficient rats. 

The enzymes, cytochrome oxidase and 
superoxide dismutase, are copper metal- 
loproteins. The activities of both enzymes 
in the cerebellum were reduced in the 


copper-deficient rats up to 28 days of age. 

At this time, the level of cytochrome oxi- 
dase in the controls was seven times higher ' 

than in the deficient pups. The levels of ' 1 

superoxide dismutase were the same in the ! 

deficient and control pups at 16 days of ! 

age, but after this time, the activity was ; 

significantly lower in the deficient group. j 

The norepinephrine content of the brain ■ 

(without cerebellum) was measured as an 
index of the activity of the enzyme, ' 

dopamine-beta-hydroxylase, which is also a I 

copper metalloprotein. In the controls, the | 

concentration (nmoles per gram of wet I 

tissue) increased from 0.7 at 12 days to 2.0 | 

at 22 days, with no additional changes to 
28 days. In the deficient group, the concen- | 
tration increased to ca. 1.4 Mmoles per I 
gram at 22 days, with no change to 28 i 
days. 

Cardiac hypertrophy is a well-established ;• 
symptom in copper-deficient rats and pigs.^ ? - 
Death in copper-deficient animals has pre- ; 
viously been attributed to heart failure, but 
there were no reports of specific myo- ;; 
cardial defects which were independent of 1] 
previously established vascular disease.®’® 1: 

The cardiac hypertrophy was originally !■ 

considered a compensation for the anemia I;. 
of copper deficiency and/or the decrease in f/ 
mitochondrial cytochrome oxidase, since it | j: 

is a copper-containing enzyme. Later work "i 
showed that the heart enlargement in rats 
preceded the appearance of anemia and the 
decreased myocardial cytochrome oxidase ’ 

activity. 

Kelly, Kesterson and Carlton® produced 
degenerative cardiac disease in young rats i,.' 
which were the offspring of dams fed a 
copper-deficient diet. In these experiments i; 

female rats were fed the experimental diets 
from three weeks of age through lactation. t:; 

They were bred at 17 weeks. The offspring I;., 

were then fed the same diets as their dams. [|; 

The basal diet contained 20 percent casein 
with 5 or 15 percent fat and sucrose plus | 

starch as the carbohydrate sources. The k, 

copper-deficient diet contained 0.9 Mg v 

copper per gram and the copper- ji; 

supplemented control diet contained 8 Mg I j., 
copper per gram. ij, 

ij 

i'lk 
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Deaths from heart disease occurred sud- 
denly without previous symptoms in one or 
more pups in the deficient litters. Sudden 
death could be brought on by application 
of pressure to the thorax. Mortality of this 
type was highest between 40 to 50 days of 
age and did not appear after 60 days. The 
hearts of the deficient young were enlarged 
and pale. Other vascular lesions were not 
apparent so that the primary effect of 
copper deficiency was on the myocardium. 
The heart-body weight ratios at 27 days of 
age were 0.88 for the deficient rats and 
0.49 for the controls. The ratio was 0.60 in 
rats transferred from the deficient to the 
control diet for one week. At weaning, the 
deficient offspring were somewhat anemic, 
but the hemoglobin and packed cell vol- 
umes again became normal after the early 
rapid growth stage when the cardiac ab- 
normalities had appeared. 

All areas of the heart showed histo- 
chemical evidence of reduced cytochrome 
oxidase activity, even in hearts which were 
apparently normal in outward appearance. 
Decreased staining for cytochrome oxidase 
also occurred in ail areas of the brains from 
these animals, especially in the cerebral 
cortex, basal ganglia and thalamic regions, 
in agreement with the location of histo- 
pathological lesions described in earlier 
reports. The cytochrome oxidase levels in 
both heart and brain were nearly normal in 
deficient rats fed the control diet for 20 
days. 

Kelly and co-workers noted that the lack 
of development of degenerative cardiac 
lesions in other studies of copper de- 
ficiency may reflect the dietary copper 
level. In the present experiments, the level 
of 0.9 /ig per gram was somewhat higher 
than that used by others and permitted 
normal growth and parturition in the first 
generation, but not in the second. 

in addition to differences in copper 
level, studies of copper deficiency may be 
complicated by differences in age of the 
rats and by the use of milk diets to produce 
copper deficiency.^® With milk diets, the 
growth of even the copper-supplemented 


\ 


/. 


rats may be poor, and these animals may 
show abnormalities when compared with 
those fed a chow diet. Consequently, the 
pattern of symptoms in this case would be "T 
a combination of copper deficiency and 
other abnormalities produced by a milk 
diet, including diarrhea and cecal hem- 
orrhage, which might result from the high 
lactose intake with milk diets.^® The re- 
sults of copper deficiency studies might 
also be complicated by the dietary zinc 
level which can affect copper utilization, 
perhaps by interfering with ab- 
sorption. 

The knowledge of the role of copper in 
the nervous and cardiovascular systems is 
needed for understanding whether patho- 
logical conditions in these tissues may be 
related to or affected by dietary factors. 
Hopefully, copper-deficient rats will be a 
useful model for understanding and pre- 
venting the pathological changes in con- 
ditions such as Menkes' disease. □ 
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AN ACCESSIBLE ARCHIVE OF HUI\flAN EXPERIENCE 

A unique, historical collection of papers, correspondence and other 
memorabilia, covering a sixty year period of the conquest of pellagra was 
recently donated by Dr. William Henry Sebrell, Jr. to the Vanderbilt Medical 
■ Center library. Dr. William J. Darby accepted this gift on behalf of the 
university during the Centennial Celebration of the founding of Vanderbilt 
University School of Medicine. 


I am privileged to greet this Centennial 
audience on behalf of one of our warm 
friends, one of the nation's most distin- 
guished nutrition scientists and research ad- 
ministrators, Dr. William Henry Sebrell, Jr. 
— who, due to illness, cannot be with us 
tonight. It is my pleasant task to express 
his high assessment of the leadership in nu- 
trition, past and future, of our Medical 
Center, through his gift to us of a unique, 
selected collection of scientific papers, re- 
prints, classical texts, translations, and cor- 
respondence pertaining to the work and re- 
search of the late Joseph Goldberger and 
Dr. Sebrell's own outstanding research. 
These cover a GO-year period of the con- 
quest of a major disease — pellagra — of 
American origin, of worldwide importance, 
and of particular impact on the South. 

This deficiency disease, which caused 
hundreds of thousands of deaths in the 
South, was eliminated by the work of 
Goldberger, Sebrell and their colleagues. 

The world-wide distribution of pellagra 
in 1912 was depicted in a monograph by 
Stewart Roberts of Atlanta. The dedicatory 
statement in this 1 91 2 book reads: 

To that long line of physicians and scientists 
from Casals through Lombroso to Sambon, 
and those who shall come after them who 
have been and are and shall be students of 
pellagra 

THIS VOLUME IS DEDICATED BY 
THE AUTHOR 

with the hope that the day is not far distant 
when there shall arise from among them one 
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to whom shall be revealed with clear and 
certain proof the true cause of Mai de la 
Rosa (as it was initially called in Spain). 

In 1914, Joseph Goldberger, a bacterio- 
logist with the U.S. Public Health Service, 
was assigned the task of identifying the 
cause of the disease in the South. It was 
then thought to be of infectious origin. The 
victims suffered from the "3-D's" — Der- 
matitis, Diarrhea, Dementia — and several 
mental institutions were primarily devoted 
to the care of pellagrins. 

Goldberger, in his now classic epidemio- 
logic studies, noted the association of the 
disease with poor diet — the "3-M's" — 
Meal, Meat (fat back). Molasses, and with 
poverty. (One of the folk names for pella- 
gra was "corn bread fever"). Further he ob- 
served that well fed persons did not con- 
tract the disease. He reproduced the con- - 
dition in convicts in Mississippi by feeding * 
them a deficient pellagragenic diet. He, his 
wife, and 14 volunteer colleagues constitu- 
ted a "filth squad" who ingested and were 
injected with various biological materials 
and/or excreta from patients, thus demon- 
strating the non-infectious nature of pella- 
gra. In orphanages, prisons, and in mental 
institutions the therapeutic value of a good 
diet was demonstrated. Foods were assayed 
in man for their pellagra-curative proper- 
ties, and for their pellagra-preventive action 
in an animal model, canine blacktongue. 

Dr. Milton Terris, Professor of Preventive 
Medicine, New York Medical College, 
wrote in 1964 concerning Goldberger's 
work: 





The pellagra studies provide a brilliant ex- 
ample of the use of epidemiologic reasoning 
— that is reasoning based on the behaviour 
of a disease in a population — to develop an 
etiologic hypothesis. Even more remarkable 
is the complete and incontrovertible demon- 
stration, step by step, of the truth of that 
hypothesis. Finally the whole epidemiologic 
concept is presented; attention is focused 
not only on the dietary causes of pellagra 
but also on the underlying reasons for the 
dietary deficiencies. There emerges a thor- 
ough analysis of the economic and social ba- 
sis of pellagra in the South, that is, of the 
total context in which pellagra took root 
and flourished. 

These findings, controversial at the time 
— 1915-1918 — and even later, served as 
the basis for instituting world-wide control 
measures. Goldberger died in 1929. One in- 
dication of his position in American medi- 
cine is the naming of an award of the 
American Medical Association 'The Gold- 
berger Award in Clinical Nutrition." The 
first recipient of this award, financed by 
The Nutrition Foundation, fittingly was 
Dr. W. H. Sebrell, Jr. Two of these have 
come to Vanderbilt faculty members (Dr, 
John B. Youmans and myself). A fourth 
recipient is Dr. Cicely Williams, the distin- 
guished, internationally known pediatri- 
cian, who is with us this evening. 

Dr. Sebrell worked with Goldberger dur- 
ing the late 1920's and succeeded him as 
Director of the Public Health Service Hy- 
gienic Laboratory, which later evolved into 
the National Institutes of Health. He be- 
came Director of the National Institutes of 
Health during the period of accelerated 
growth of that great organization and, dur- 
ing his tenure, the Clinical Center was com- 
pleted and opened. 

The record of the "long line of physi- 
cians and scientists . . . students of pella- 
gra .. . including the unfolding of the clear 
and certain proof [of] the true cause of 
Mai de la Rosa" is included in the remark- 
able collection that now becomes part of 
the permanent archives of our Medical Cen- 
ter as a result of Dr. Sebrell's generosity. 

Study of this collection will reveal to 
students and scholars not only the details 


of the conquest of a major-disease, but also 
the intimate personal struggles produced by 
the inevitable tensions that develop be- 
tween scientists during vigorous pursuit of 
crucial new information and its acceptance 
and application. 

Re-examination of the Goldberger- 
Sebrell collection can contribute much to 
understanding critical issues facing medi- 
cine, science and society today. 

To give us the benefit of understanding 
the etiology and to prevent pellagra, Gold- 
berger assumed the risks inherent in the 
production of the disease in convicts, and 
the risk of trials with orphans, inmates of 
mental institutions, the displaced and the 
poor ... in order to obtain "clear and cer- 
tain proof of the true cause of" pellagra . . . 
among each of these most affected groups. 

In his last public address in 1928 he stat- 
ed: 

Now it so happens that, conservatively esti- 
mated, there were some 1 20,000 people in 
the United States last year who suffered an 
attack of pellagra. One may ask, therefore, 
why, if the material is so simple, do so many 
’ people continue to be stricken with the dis- 
ease? The answer lies in the fact . . . that the 
problem of pellagra is in main a problem of 
poverty. 

Education of the people will help; but im- 
provement in basic economic conditions 
alone can be expected to heal this festering 
ulcer of our people. This, obviously, cannot 
be accomplished in a day, but that day will 
be hastened by the co-operative action of all 
whose vision enables them to see the great 
social and economic advantage to be derived 
from the eradication of the disease . . . 

This in 1928! 

For those today puzzled by public con- 
troversies between individual members of 
the scientific community, it is perhaps re- 
vealing to read that two years later, in 
1930, a prominent member of the medical 
community stated: 

All the evidence of which I have personal 
knowledge, to which I am able to attach 
much weight, favors the opinion that it [pel- 
lagra] is due to an infection. I am content to 
remain with the minority who have not been 


NUTRITION REVIEWS I VOL. 33, NO. 10 I OCTOBER 1975 311 



convinced by supposed proof of other 
causes, and still believe that a specific infec- 
tion will be found to be the true cause . . . 

The distinguished historian, Lynn White 
of the University of California, has modest- 
ly suggested that historians may have a con- 
tribution to make to technology assess- 
ment. I submit that a historical study of 
such valuable resources as comprised by 
this collection has much to contribute to 
assessment of medical ethics in relation to 
science and society today. 

It is my earnest- hope, Mr. Chancellor 
and Mr. Vice-Chancellor, that this gift, so 
fitting an example of an American achieve- 
ment as to be described contemporarily by 
Professor Milton Rosenau, "the equal to 
any contribution to medical science made 


Exchange of Personal 

If one dates the science of nutrition from 
the discovery of oxygen and the process of 
oxidation, the discipline is just completing 
its second century. The enormously varied 
discoveries and advances of the twentieth 
century represent a major portion of the 
present knowledge of nutrition. Many of 
the outstanding contributors to this science 
are still living; others have but recently 
died. 

Much is to be learned of the methods of 
science from the study of the col- 
lected materials with which a productive 
scholar surrounds himself and from his re- 
cord of exchanges with fellow scientists, 
colleagues and others. The historian long 
has appreciated the value of retrospective 
studies. Often it is useful to examine early 
drafts of subsequently published papers, es- 
pecially those reports which become ep- 
och-making or represent scientific land- 
marks. Most of such records remain unpub- 
lished, and these studies are possible only 
as a result of preserving the papers of indi- 


in America . . .",that this gift will challenge 
all of us as we mark the Centennial of this 
great Medical School and enter the Bicen- 
tennial of our country. May this challenge 
be two-fold: 

1) To examine the contributions and 
methods of medical science to society 
from a mature historical viewpoint; 

2) To support and build our University 
Medical Center so that it becomes that 
which Carlyle identified 

"The true University [as] 
a Collection of Books" 

— indeed, an accessible archive of hu- 
man experience without which the 
creative scholarship that characterizes 
great universities cannot survive. □ 


Nutrition Collections 

viduals in a manner that makes them acces- 
sible to others. 

It is timely, therefore, for nutritionists 
to encourage the preservation of personal 
correspondence, papers and other memora- 
bilia of colleagues whose careers have made 
an impact upon this science and its applica- 
tion for the betterment of mankind. Such 
collections appropriately can be housed in 
libraries of universities where there is vigor- 
ous interest in food and nutrition. The exis- 
tence of these archives should be widely 
publicized in order that students of all ages 
may be aware of them. 

In keeping with this philosophy, the gift 
by Dr. William Henry Sebrell, Jr. of the 
Goldberger-Sebrell Collection to the Van- 
derbilt University Medical School is an out- 
standing example of a generous action by a 
distinguished American nutritionist. Nutri- 
tion scientists everywhere will be grateful 
to him. It is hoped that his example will be 
followed by others who have the guardian- 
ship of valuable resource materials. It fur- 
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ther is hoped that libraries and other cen- 
ters of scholarship will seek and appro- 
priately preserve such collections. 

To facilitate exchange of information 
pertaining to established collections, poten- 
tial donors or recipients, The Nutrition 
Foundation is pleased to make its resources 
and services available. From time to time 
the location and nature of existing re- 
sources will be published and indexed in 


NUTRITION REVIEWS. Correspondence 
relative to collections is invited in order 
that NUTRITION REVIEWS may publish 
an initial listing early in the bicentennial 
year. Please address inquiries to: 

Accessible Archives 

The Nutrition Foundation 

489 Fifth Avenue 

New York, New York 10017 






fi Nutrition Foundation (Tlonogfaph 

For physicians, nutritionists, public 
health practitioners, social workers, 
and medical students. 

Covers all aspects of protein-calorie 
malnutrition (PCM), from molecu- 
lar biology to epidemiology and 
prevention. 

467 pages, $29.50. Order from: 
Academic Press, 1 1 1 Fifth Avenue, 
New York, New York 10003 
or your book supplier. 
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Grace A. Goldsmith, M.D. 

April g, 1904-April 28, 1975 


Highly significant contributions to re- 
search, education, scholarship and service 
in nutrition, medicine and public health 
earned a permanent place among the lead- 
ers in American medicine for Dr. Grace A. 
Goldsmith. 

Dr. Goldsmith earned her M.D. degree in 
Tulane University School of Medicine in 
1932 and, following subsequent training at 
the Mayo Clinic, returned to Tulane as an 
instructor in medicine, subsequently to be- 
come a full professor of medicine in 1949. 
At Tulane she established a Nutrition and 
Metabolism Section in the Department of 
Medicine which justly became world fa- 
mous, not only through its research con- 
tributions, but as an outstanding center for 
training of young scholars. In 1967, she as- 
sumed the Deanship of the Tulane Univer- 
sity School of Public Health and Tropical 
Medicine and served in that office until 
1973. 

The first of Dr. Goldsmith's 1 89 scientif- 
ic papers was published in 1934. In 1938, 
^ \ her paper on vitamin C deficiency ap- 
peared, the first in a long series of research- 
es in the field of nutrition. Two years later 
she was an author, with A. T. Ogaard and 
D. F. Gowe, of a report entitled "Vitamin 
C Nutrition and Pellagra." Thus began her 
series of remarkable studies of pellagra, nic- 
otinic acid, riboflavin, vitamin B complex 
deficiencies, folic acid and nutritional mac- 
rocytic anemia, tryptophan-niacin interrela- 
tionships, vitamin intrinsic factor, 

dietary requirements of man, lipid metabol- 
ism and the influence of nicotinic acid on 
serum lipids, assessment of nutriture, the 
effectiveness of nutritional enrichment of 
cereals and the beneficial application of nu- 
tritional knowledge to the practice of medi- 
cine and public health. 



It is in large measure due to Dr. Gold- 
smith's studies of the relationship of niacin 
and tryptophan that the quantitative as- 
pects of our present estimation of their in- 
terrelationship in foodstuffs is founded. 
Observations made during the course of her 
experimental human studies of niacin defic- 
iency and of riboflavin deficiency contrib- 
uted greatly to the reliability of estimates 
of minimal requirements of these essential 
nutrients. 

Dr. Goldsmith made the first report on 
the effectiveness of folic acid in the treat- 
ment of nutritional macrocytic anemia. 
The subsequent series of reports from her 
laboratory clarified many aspects of inter- 
relationships between folic acid and vita- 
min B ^2 several clinical syndromes 
which respond in part or in toto to these 
nutrients. These reports also advanced un- 
derstanding of the mechanism of the inter- 
action between vitamin B^^ the intrin- 
sic factor. 

Immediately prior to enrichment of 
flour in Newfoundland, Dr. Goldsmith di- 
rected a nutrition survey aimed at defining 
the nutriture with special reference to the 
B vitamins and iron of a population group 
on the west coast of this province. Four 
years later she directed a re-evaluation of 
this population and described the degree of 
improvement attributable to enrichment. 
From this point onward. Dr. Goldsmith's 
interest increasingly turned to the broad as- 
pects of public health nutrition, although 
she maintained a productive clinical and la- 
boratory investigative program. 

In the course of her research career. Dr. 
Goldsmith worked with many young scien- 
tists and provided inspirational leadership 
and opportunities for their development. 
Among those who enjoyed these associa- 
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tions were Dr. Roy E. Butler, Dr. James G. 
Hamilton, Dr. 0. Neal Miller, Dr. H. P. Sar- 
ett. Dr. Jack L. Smith and the late Dr. Wal- 
ter G. Unglaub. 

Dr. Goldsmith served with great distinc- 
tion as a member of the Food and Nutri- 
tion Board, 1948-1969. She chaired the 
Committee on Dietary Allowances of the 
Food and Nutrition Board, 1950-1956, and 
served as Chairman of that Board for the 
decade, 1958-1968. She was a member of 
the Council on Foods and Nutrition of the 
American Medical Association during the 
two periods, 1953-1963 and 1965-1975, 
and served as Chairman, 1970-1972. She 
was President of the American Society for 
Clinical Nutrition, 1972-1973, and a mem- 
ber of several major editorial boards, a- 
mong which were the American Journal of 
Clinical Nutrition, the Journal of Nutrition, 
Archives of Internal Medicine, Journal of 
American Medical Woman's Association 
and Physiological Reviews. 

Her activities on advisory committees 
and councils included practically all major 
organizations, nationally and international- 
ly, in the field of nutrition: U. S. Public 
Health, National Institutes of Health, Insti- 
tute of Nutrition for Central America and 
Panama, Food and Agriculture Organiza- 
tion of the United Nations, U. S. Depart- 
ment of Agriculture, Massachusetts Insti- 
tute of Technology's Department of Nutri- 
tion and Food Sciences, The Nutrition 
Foundation and the Study Commission on 
Dietetics of the American Dietetic Associa- 
tion. 

Her list of deserved honors was indeed 
long and included the Goldberger Award in 
Clinical Nutrition of the American Medical 
Association (1964), Honorary membership 
in the American Dietetic Association 


(1963), Osborne-Mendel Award of the 
American Institute of Nutrition (1959), 
Seal Harris Medal of the Southern Medical 
Association (1970) and Modern Medicine 
Award for Distinguished Achievement 
(1975). In 1974 she was awarded the Mas- 
tership of the American College of Physi- 
cians and became a Fellow of the American 
Institute of Nutrition. Dr. Goldsmith was 
to have received an honorary doctorate 
from the University of Wisconsin on May 
17, 1975. 

Dr. Goldsmith was selected by the hon- 
orary medical society. Alpha Omega Alpha, 
as one of the Leaders in American Medicine 
whose memoirs are recorded in a video- 
taped interview. This interview, made 
shortly before Dr. Goldsmith's terminal 
illness, provides a lasting audio-visual re- 
cord of the charming, warm, vivacious per- 
sonality whose scholarly contributions and 
educational achievements earned for her a 
major rank among medical leaders of our 
day. 

Throughout her extraordinarily rich and 
active career, Grace Goldsmith maintained 
a continuing involvement in patient care 
and the practice of internal medicine. It is 
likely that her exceptional effectiveness as 
a clinical investigator and teacher stemmed 
in large measure from the insight and scope 
provided by her duties in the care of the 
sick and indigent. 

It is fitting that the legacy of excellence 
exemplified by her career and influence are 
memorialized in the: 

Grace A. Goldsmith Student Loan Fund 

Tulane University School of Public 
Health and Tropical Medicine 

1430 Tulane Avenue 

New Orleans, Louisiana 70112 
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Leaders in American Medicine 




Alpha Omega Alpha, in collaboration with 
the National Library of Medicine/National 
Medical Audiovisual Center, has produced a 
series of videotaped interviews recording 
the memoirs of leaders in American med- 
ical science. The films are available as 
teaching aids, archival deposits, and his- 
torical resources. 

Dr. Grace A. Goldsmith was interviewed 
last year in this series by William J. Darby, 
President of the Nutrition Foundation. The 
subject of their discussion is "Nutrition; 
Interrelationships of Niacin and Trypto- 
phan; Vitamins of the B-Complex and 
Macrocytic Anemia; Clinical and Labora- 
tory Tests for Evaluation of Nutritional 
Status; and Lipid Metabolism in Man." 

The program has been made possible 
through a benefaction from Professor 
Beatrice C. Seegal and the late Professor 
David E. Seegal. The Seegals had become 
convinced that audiovisual histories offered 
a unique means of extending the educa- 
tional reach of a great teacher far beyond 
his or her own institution. They felt that 
the concept of "oral history" should be 
modified and expanded by the adoption of 
the videotaped interview. 

With the inspiration and firm backing of 
the Seegals, Alpha Omega Alpha ap- 
proached the National Library of Medicine 
and received enthusiastic endorsement for 
the use of its staff and facilities at the 
National Medical Audiovisual Center in 
Atlanta, Georgia. 

.In accordance with the Seegals' original 
concept, the aim of the program is to avoid 
comprehensive oral histories. In fact the 
subject is requested not to recite a detailed 
account of his or her life. Instead, emphasis 
is placed on the key points in his academic 
career; significant influences by persons 
and events; his major contributions to 
medicine and medical science; and the ebb 
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and flow in his major discipline during his 
career. Given an eminent leader and per- 
ceptive interrogator, such films may be not 
only educational and archival deposits, but, 
as well, unique sources of inspiration for 
younger men and women in building their 
careers. 

The autobiographical memoirs of 
eminent medical scientists and teachers on 
videotape are shown in the accompanying 
table. 

Copies of the recordings in the Alpha 
Omega Alpha/National Library of Medicine 
film series are available as follows: 

For motion pictures, available in black 
and white only, playable on standard 
16mm motion picture projectors with 
optical sound, write to: 

National Medical Audiovisual Center 
(ANNEX) 

Station K 

Atlanta, Georgia 30324 

These films are available on loan only for 
a period of about three weeks— they are not 
available for purchase or permanent loan. 
The order must be received in Atlanta three 
weeks before date of presentation. When 
ordering specify the date when the film will 
be shown. 

For full-color television videotape 
cassettes, suitable for small audiences, send 
a blank 60-minute videocassette in the 
3/4-U format to: 

National Medical Audiovisual Center 

Videotape Duplication Program 

1600 Clifton Road, N.W. 

Atlanta, Georgia 30333 

This is the only format made available 
on videotape. NMAC does not service one- 
half inch requests. Please allow six weeks 
for filling of orders. These tapes become 
the property of the person placing the 
order. 



ALPHA OMEGA ALPHA INTERVIEWS 


Scientist 

Lowell T. Coggeshall, M.D. 
George W. Corner, M.D. 

Martin M. Cummings, M.D. 
Lester R. Dragstedt, M.D., Ph.D. 


C John F. Enders, Ph.D. 
George L. Engel, M.D. 

Jacques Genest, M.D. 

'• Grace A. Goldsmith, M.D. 


Tinsley R. Harrison, M.D. 
A. Baird Hastings, Ph.D. 


Emile Holman, M.D. 

T 

Charles B. Huggins, M.D. 

Walsh McDermott, M.D. 

Karl F. Meyer, M.D. 

Leo G. Rigler, M.D. 
Helen B. Taussig, M.D. 


Title 

Medical Education, Tropical Medicine 

Anatomy, Physiology of Mammalian 
Reproductive System; Identification 
of Progesterone; History of Science 


Physiology of the Stomach, Pancreas, 
Parathyroid Glands; Pathogenesis of 
Peptic Ulcer; Intestinal Obstruction and 
Parathyroid Tetany; Introduction of 
Vagotomy in Treatment of Peptic 
Ulcer; Discovery of Lipocaic 

Virus Disease of Man and Animal 

Problems of Clinical and Psychosomatic 
Medicine 

Human Arterial Hypertension; Relationship 
of Kidneys and Adrenals to Hypertension 
and Salt Regulation; Electrolytes and 
Renal Function 

Nutrition; Interrelationships of Niacin and 
Tryptophan; Vitamins of the B-Complex 
and Macrocytic Anemia; Clinical and 
Laboratory Tests for Evaluation of 
Nutritional Status; Lipid Metabolism 
in Man 

Cardiovascular Disease 

Physiology of Fatigue; Acid-Base Balance; 
Salt and Water Exchange; Biological 
Oxidations; Intermediary Metabolism; 
Quantitative Histochemistry; Use of 
isotopes as Biochemical Tracers; 

Clinical Chemistry 

Cardiovascular Disease; Definitive Studies on 
Arterio-Venus Fistulae; Pathophysiology 
and Treatment of Constrictive 
Pericarditis 

Calcium Metabolism; Sex Hormones; 
Experimental Surgery; Enzymes of 
Blood; Bone Physiology 

Public Health; investigation and Research 
of Infectious Diseases; Chemotherapy 
of Tuberculosis 

Experimental Typhoid Infections; Botulism; 
Brucellosis; Psittacosis; Encephalitides 
Leptospirosis; Sylvatic Plague; Plague 
Immunity 

Radiology, Roentgen Diagnosis 


Congenital Malformations of the Heart; 
Blue Babies 




Interviewer 

John Z. Bowers, M.D. 
John Z. Bowers, M.D. 


Peter D. Olch, M.D. 
John Landor, M.D. 


Frederick C. Robbins, M.D. 
Sanford Meyerowitz, M.D. 

Vincent P. Dole, M.D. 

William J. Darby, M.D., Ph.D. 


Arthur J. Merrill, M.D. 
Peter D. Olch, M.D. 


Peter D. Olch, M.D. 


Leon 0. Jacobson, M.D. 


David E. Rogers, M.D. 


E. B. Shaw, M.D. 

Harry Z. Mellins, M.D. 
Helen S. Pittman, M.D. 
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Howard C. Taylor, Jr., M.D. 

Cancer of Female Reproductive Organs; 
Physiology of Pregnancy 

Allan C. Barnes, M.D. 

Matthew Walker, M.D. 

Experimental Peritonitis and Penicillin; 

Wound Healing; Streptomycin; Massive 
Intestinal Resections; Anti-Cancer Drugs 
in Treatment of Cancer; Prevention and 
Treatment of Mestases in Mice and 

Humans 

Louis J. Bernard, M.D. 

Owen H. Wangensteen, M.D. 

Intestinal Obstruction; Etiology of 

Appendicitis; Peptic Ulcer Problem; 
Precursors of Visceral Cancer; 

Cancer Detection 

K. Alvin Merendino, M.D. 

Shields Warren, M.D. 

Pathology of Diabetes Mellitus; Tumors 
and Tumor Mestastases; Effects of 

Radiation on Normal and Neoplastic 

Cells and Mammals 

John Z. Bowers, M.D. 

Cecil J. Watson, M.D. 

Liver and Biliary Tract Disease; Jaundice 
and Anemia; Urobilin and Porphyrin 
Metabolism 

Robert B. Howard, M.D., Ph.D. 

Joseph T. Wearn, M.D. 

Physiology of the Kidney; Blood Vessels of 
the Heart; Circulation of Heart and 

Lungs; Thebesian Circulation; Heart 

Disease; Capillaries of the Lung; 

Medical Education 

T. Hale Ham, M.D. 

'Maxwell M. Wintrobe, M.D. 

Hematology; Clinical and Experimental 
Nutrition, Especially Nutritional De- 
ficiencies in Swine; Leukemia and Related 
Neoplastic Diseases 

Alexander M. Schmidt, M.D. 

W. Barry Wood, Jr., M.D. 

Research in Etiology of Pneumonias; 
Phenomenon of Fever 

Robert J. Glaser, M.D. 


Committee on Nutritional Anthropology 


A new professional group, the Committee 
on Nutritional Anthropology of the 
Society for Medical Anthropology, has 
been organized in order to enhance com- 
munication among nutritionists and anthro- 
pologists working on sociocultural aspects 
of diet and food as they relate to health. 

Committee members receive a twice- 
yearly newsletter. The Committee meets 
annually at the time of the meetings of the 
American Anthropological Association. 
The next meeting will be December 4, 
1975, at the Fairmont Hotel in San Fran- 
cisco, California. The Committee will 
present its third annual symposium to the 
American Anthropological Association in 
San Francisco on December 6, 1975. For 
further information about the Committee 
contact: Dr. Norge W. Jerome, Department 


of Human Ecology and Community Health, 
University of Kansas Medical Center, 
Kansas City, Kansas 66103, or Dr. Chris- 
tine S. Wilson, Department of International 
Health, University of California Medical 
Center, San Francisco, California 94143. □ 


Meeting Announcement 

A Symposium on the Myelomeningocele 
Patient— A Multidisciplinary Approach will 
be held March 11-13, 1976 at the Univer- 
sity of Cincinnati Medical Center, Cin- 
cinnati, Ohio. For further information 
contact the Office of CONMED, Suite 
E251, 231 Bethesda Avenue, Cincinnati, 
Ohio 45229. □ 
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New NAS/NRC Report on Program Planning 


Nutrition and Fertility Interrelationships: 
Implications for Policy and Action. Pub- 
lished by Food and Nutrition Board, 
National Academy of Sciences/National 
Research Council, Washington, D.C. 
20418. Pp.67. Price $4.50. 

This concise report identifies the com- 
mon attributes of nutrition and family- 
planning programs, such as the use of re- 
lated facilities to carry out services and the 
employment of trained health workers to 
administer varied services. Practical oppor- 
tunities for program integration are dis- 
cussed with regard to distribution of 
commodities, dissemination of educational 
services, collection of survey data, program 
evaluation, and multipurpose workers. The 
possible benefits to be derived from an 
integrated attack on malnutrition and high 
fertility are demonstrated. Among the 
advantages cited is the pooling of funds and 
other limited resources. The report recog- 


nizes that certain aspects of family plan- 
ning and nutrition cannot be, or should not 
be, integrated and that one service should 
never be contingent upon the acceptance of 
the other. 

In addition to the medical and social 
bases for integrated programs, the report 
explores important issues of organization 
and administration and gives attention to 
policy and program development and the 
need for continued research on the inter- 
relationships between nutrition and fer- 
tility. 

"Nutrition and Fertility Inter- 
relationships: Implications for Policy and 
Action" is intended for nutritionists; public 
health workers and officials; family plan- 
ners; decision makers in existing programs, 
private agencies, and government; and 
those engaged in population studies. The 
domestic and international effects of a pro- 
gram such as the one presented in the 
report could be far-reaching. □ 



Recent Books 





Peptide Transport in Protein Nutrition, D. 
M. Matthews and J. W. Payne, editors. 
Published by North-Holland Publishing 
Company. U. S. distributor: American 
Elsevier Publishing Company, Inc., 52 
Vanderbilt Avenue, New York, New York 
10017. Pp. 503. Price $54.25. 


Protein Nutritional Quality of Fodds and 
Feeds, Part 1, Assay Methods— Biologi- 
cal, Biochemical, and Chemical, M. 
Friedman, editor. Published by Marcel 
Dekker, Inc., 270 Madison Avenue, 
New York, New York 10016. Pp. 626. 
Price $49.50. 


A Study of Food. Consumption by the 
Duplicate Portion Technique in a Sample 
of the Dalby Population. B. Borgstrom, 
A. Norden, B. Akesson and M. Jagerstad, 
Editors. Published by The Almqvist & 
Wiksell Periodical Company, Stockholm, 
Sweden. Pp. 98. 


Prevention of Microbial and Parasitic 
Hazards Associated with Processed 
Foods: A Guide for the Food Processor. 
Published by Food and Nutrition Board, 
National Academy of Sciences/National 
Research Council, Washington, D. C. 
20418. Pp. 170. Price $5.75. 


World Review of Nutrition and Dietetics. 
Volume 22. Edited by G. H. Bourne. 
Published by S. Karger AG, Basel, 
Switzerland, Pp. 346. Price $72.25. 


Efficient Resource Use for Tropical Nutri- 
tion: Nigeria, by V. E. Smith. Published 
by Michigan State University Press, East 
Lansing, Michigan. Pp. 401. Price $9.50 
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Childhood Obesity. Edited by Myron 
Winick. Volume III in the Wiley Series 
on Current Concepts in Nutrition. Pub- 
lished by John Wiley & Sons, Inc., 605 
Third Avenue, New York, New York 
10016. Pp. 189. Price $16.95. 

Subunit Enzymes: Biochemistry and Func- 
tions, K. E. Ebner, editor. Published by 
Marcel Dekker, Inc., 270 Madison 
Avenue, New York, New York 10016. 
Pp. 352. Price $24.50. 


Cobaiamin: Biochemistry and Pathophy- 
siology. Edited by Bernard M. Babior. 
Published by John Wiley & Sons, Inc., 

605 Third Avenue, New York, New 
York 10016. Pp. 447. Price $25.00. ^ 

Nutrition: An Integrated Approach, by R. 

L. Pike and M. L. Brown. Published by 
John Wiley & Sons, Inc., 605 Third 
Avenue, New York, New York 10016. 

Pp. 1082. Price $18.95. 


F 


D-Xylose Approved as a Diagnostic Agent 


FDA recently approved a New Drug Ap- 
plication for use of D-xylose ... in evalua- 
ting intestinal absorption. Although this 
agent has been used for this purpose for 
many years, until recently no sponsor was 
willing to assume responsibility for sub- 
mitting data for new drug approval and for 
marketing it as a properly labeled diag- 
nostic agent. 

D-xylose ... is partially absorbed from 
the small intestine; only a relatively small 
fraction is metabolized and the remainder 
is excreted in the urine. Measurement of 
\ the amount of the compound excreted into 
j the urine (or, in infants and young chil- 
y / dren, present in the blood) during a desig- 

/f 


nated time interval thus permits an assess- 
ment of the efficiency of intestinal absorp- 
tion. 

The sole use of D-xylose is as one of the 
diagnostic procedures for evaluating in- 
testinal absorption and for the diagnosis of 
malabsorption states. Malabsorption may 
occur in any disease which affects the small 
bowel directly or indirectly, including such 
conditions as celiac disease, tropical or 
temperate sprue, Crohn's disease, im- 
munoglobulin deficiency, pellagra, ascar- 
iasis, stagnant loop syndrome, radiation 
enteritis and surgical resection. □ 

Reprinted from the FDA Drug Bulletin 5:11, July- 
August, 1 975. 
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Dietary Fiber 


by Albert /. Mendeloff, M.D., M.P.H. 


APRf37g 


! n recent years attention has turned to 
items of the diet which have not occupied 
the center of the biochemical stage during 
the past 50 years. Among these may be 
mentioned items for which earlier method- 
ological approaches have been undepend- 
able, such as the trace metals, and those for 
which even the definition has been elusive. 
Certainly among this latter group is what is 
commonly called dietary fiber. 

Everyone has an idea of what fiber is, 
but there is no agreement about a quantita- 
tive approach to it as it exists in human 
food supplies. Previous tables of dietary 
fiber are based on methods developed by 
Einhof from 1806 to 1809, in which the 
fibrous residue left after sequential extrac- 
tion with solvent, dilute aqueous acid and 
dilute alkali, represented the "indigestible 
matter." In very recent years a new ap- 
proach to this obviously unsatisfactory 
methodology has been urged, but few ad- 
vances have been made. As summarized by 
one team of leading workers^ in this field, 
"the problems are: 

(a) conflicting concepts of what consti- 
tutes fiber; 

(b) the definition of lignin, cellulose 
and hemicellulose; 
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(c) achieving separation of lignin from 
interfering matter; 

(d) the isolation of indigestible fiber 
and its relation to the true fiber of 
food; and 

(e) the failure of hemicellulose, cellu- 
lose and lignin to be biologically or 
chemically similar in different plant 
materials." 

Energy Availability 

Obvious interest in these aspects of rumi- 
nant nutrition has spilled over to human 
nutrition in recent years, with speculation 
as to whether "nondigestible" foodstuffs 
might actually result in energy availability, 
and particularly whether gut flora in the 
colon might change this material to pro- 
duce colonic disease. Southgate^ set up a 
comprehensive nomenclature to define the 
possible carbohydrates of the human diet, 
in which crude fiber includes cellulose and 
lignin together with variable amounts of 
other polysaccharides, unavailable carbo- 
hydrate refers to all plant polysaccharides 
not hydrolyzed by secretions of the human 
digestive tract and dietary fiber refers to 
unavailable carbohydrates and lignin, the 
latter being a phenylpropane derivative 
rather than a carbohydrate. 

This nomenclature is an attempt to clar- 
ify the problem rather than to solve it. 
There is no question that appreciable quan- 
tities of unavailable carbohydrates disap- 
pear during their passage through the gut, 
but the best evidence available^ suggests 
that their contribution to the total energy 
intake of man on a mixed Western diet is 
less than 3 percent of the total energy of 
the diet. Current tables of dietary fiber 
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content of foodstuffs obviously under- 
estimate the fiber content, but we do not 
know by how much. 

Digestive Tract Physiology 

When we turn our attention to the ef- 
fects of fiber on normal digestive tract 
physiology, we are on equally unsatis- 
factory ground, because we now have to 
study the physical properties of these 
widely varying materials, and at widely dif- 
fering dosage levels. Furthermore, we have 
to realize that large intakes of such mat- 
erials are customarily eaten by populations 
which have widely different proportions of 
proteins, fats and carbohydrates in the di- 
gestible portions of their food. We are 
faced with defining the physical properties 
of fibers from an extraordinarily diverse 
group of vegetables and fruits, and then 
trying to study the effects of differing 
quantities of these materials on the absorp- 
tion, secretion, digestion and gut flora of 
humans of differing races and at all the 
physiologically different stages of their 
lives. The complexities of this problem 
have been dealt with in an overview by 
Eastwood.'* 

Swallowing and Gastric Emptying: 

Although it has been postulated® that in- 
creasing amounts of dietary fiber will in- 
crease the need for mastication and saliva- 
tion, and thus probably decrease the total 
food intake, no studies by modern tech- 
niques of cineradiography, intraluminal 
manometry or electrical potentials have yet 
been carried out on human subjects inges- 
ting different intakes of various dietary 
fibers. Older studies® showed very little 
effect of varying the source of hemicellu- 
loses on gastric acidity or emptying. 

Gastric Secretion: 

Studies now 50 years old provide no evi- 
dence that raw or cooked vegetables differ 
in their ability to provoke gastric secretory 
activity, all producing responses about 60 
percent of those provoked by meat inges- 
tion.® More refined hem icellu loses, like 
agar-agar, provoke less acid secretion. Stud- 
ies of the effects of fiber upon pepsin and 
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intrinsic factor production have not been 
made. 

Small Intestinal Digestion and Absorption: 

It is a formidable task to assess the ef- 
fects on the intraluminal digestion of fats, 
proteins and carbohydrates exerted by in- 
gesting various levels of the different vari- 
eties of dietary fiber. Since one of the fea- 
tures of dietary fibers is their relative insol- 
ubility in the fluid phase of the gut, it 
would probably be necessary to do these 
complex measurements in isolated loops of 
animal gut, or by multilumen tube aspira- 
tion over a defined segment of small intes- 
tine. Bile salts in their conjugated forms do 
not bind to intraluminal fiber^ so it may be 
assumed that feeding large amounts of fiber 
will probably not directly affect the micel- 
lar phase of fat absorption in the small in- 
testine. There is essentially no available in- 
formation on the effects of dietary fiber on 
either digestion or absorption in the small 
bowel. 

Bacterial Flora of the Colon: 

It is probable that almost all metabolic 
functions affected by dietary fiber can be 
related to the colon. The bacterial flora of 
the colon can attack and alter those mater- 
ials which reach it unchanged by the diges- 
tive action of the stomach, biliary tree, 
pancreas and small intestine. There is an 
enormous literature on this subject dating 
back over a century; there is little agree- 
ment on any phase of it. In addition to the 
intrinsic difficulties of assessing colonic 
motility, secretion and bacterial flora, there 
has been much too glib analogizing be- 
tween one kind of food fiber to another, 
without realizing the remarkable dif- 
ferences exerted even by the same fibers 
when processed in different physical forms. 
An excellent review is available.® 

No one currently is satisfied with the 
methodology for quantitating colonic flora, 
but on quantitative grounds there is obvi- 
ously much difference between the relative 
numbers of anaerobic and aerobic species 
in the stools of human subjects living in 
different parts of the world and ingesting 
different diets. Whether it is the ingestion 
of certain types of foods or the failure to 







ingest other types of foods which make 
these differences has by no means been es- 
tablished. When one attempts to study this 
problem by introducing new bacterial spe- 
cies singly into gnotobiotic rats, problems 
arise. One group of investigators® has 
concluded that "it is impossible to formu- 
late a general rule about effects of the diet 
on the number of bacteria in the digestive 
tract of gnotobiotic rats or on bacterial in- 
teraction. Each bacterial species seems to 
establish individual relations with the host 
that harbors it, and these relations may or 
may not be modified by the environment, 
that is, by the dietary regimen of the host, 
or by other bacteria harbored." Fiber, as 
the only variable in human diets, has not 
been studied in a satisfactory manner. 

Although the number of human subjects 
actually studied is small, the combined in- 
vestigations in humans and animals re- 
ported would show common agreement 
that over 50 percent of dietary fiber in a 
western diet can be broken down by bac- 
terial enzymes into short-chain fatty acids, 
water, carbon dioxide, hydrogen and meth- 
ane.® If the fiber content is high in lignins, 
a significantly lower amount is digested by 
bacteria, and it is possible that lignin-cellu- 
lose compounds are totally nondigestible in 
man. 

Fate of Fiber in the Colon 

Since so little energy is contributed to 
” the body by dietary fiber, presumably 
these products must undergo very little col- 
onic reabsorption. Studies by Eastwood^® 
demonstrated that the less water-soluble 
fractions produced will be precipitated, ad- 
sorbed to fiber through hydrophobic bond- 
ing or absorbed by the bacteria. 

Apparently each kind of vegetable fiber 
studied has different end products, and the 
fibers which remain undigested have differ- 
ing affinities for binding the various frac- 
tions. An example is the bile acids; deoxy- 
cholic acid is largely adsorbed to vegetable 
fiber in the stool, whereas lithocholic acid 
is adsorbed to colonic bacteria. 

The major anions of normal feces are 
volatile short-chain fatty acids,“ which at 


colonic pH are 99 percent ionized. Being 
poorly lipid-soluble, they exert an osmotic 
effect on the colon; they may also provoke 
colonic peristalsis, although the evidence 
for this is conflicting. If both actions take 
place, the bulk and frequency of stools 
might be increased. 

Bacterial action is the sole source of 
human hydrogen gas production,^® which 
can be assayed in the breath. Methane is 
produced in about one-third of human sub- 
jects eating a mixed diet.^ ® It would, there- 
fore, be expected that markedly increasing 
the quantity of dietary fiber would result 
in increased flatus, increased breath hydro- 
gen and the passage of more methane in the 
stools of those who manufacture this gas. 

Water Content of Stools 

One of the oldest observations about 
dietary fiber is that its ingestion in in- 
creased amounts tends to be associated 
with larger, wetter stools. Recent studies 
indicated that polysaccharides can form 
gels with high water contents, pectic sub- 
stances are less able to do so, and celluloses 
least able.^° The swelling of fibers with 
water creates networks trapping electro- 
lytes and organic acids in the right colon. 
Presumably these osmotically active par- 
ticles in the fiber network create electrical 
charges which influence further imbibition 
of water. 

The ability to form highly aqueous gels 
varies enormously among the various fruit 
and vegetable fibers; the seaweed jelly cara- 
geenan can form gels which are 99 percent 
water. There is general agreement that the 
addition of vegetable, fruit or cereal 
fibers to the standard diet can increase the 
bulk of the stool, as can the addition of 
commercially produced powders made 
from various plant seeds or gums. Wheat 
bran is a rather dense material and holds 
less water than does dried vegetable fiber, 
yet many studies have shown that the ad- 
dition of 30 to 40 g of dry wheat bran to 
the daily human diet will increase fecal wet 
weights by about 60 percent. 

A major puzzle for many years has been 
the failure of materials shown in test tubes 
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to absorb enormous volumes of water to 
have the same effect when fed to humans. 
Physicians have long been disappointed by 
these failures, and have noted that even in 
constipated subjects the efficacy of these 
dietary additions does not necessarily per- 
sist. Classical studies of Tainter et al.^'^ on 
the relative water-holding properties of 
materials used for increasing the bulk of 
the stools showed poor correlations be- 
tween the in vitro tests and the clinical 
results. Is it possible that the effect of the 
fiber is not so much related to its water- 
holding properties as to some more subtle 
metabolic effect, possibly the generation of 
cathartic hydroxylated acids? Current 
evidence makes this unlikely.^ ^ 

Transit Time 

A very crude measure of motility is the 
time required for a labeled meal to be ex- 
creted as feces. The literature is full of 
claims that one or another bulk laxative or 
food shortens this time when it is desired, 
especially in the treatment of constipation. 

The frequent bowel movements of vari- 
ous native populations eating non-western 
diets have been applauded and ascribed to 
high dietary fiber intakes. When careful 
studies are made of transit times in western 
subjects, the results are extremely unpre- 
\ dictable. If subjects have what they regard 
j as normal bowel habits, it has proved diffi- 
/ cult to influence their transit times by ad- 
' ding fiber to the diet. This suggests, as 
noted previously, that diets very high in 
fiber may also be deficient in something 
else. In constipated western subjects, one 
can usually demonstrate some increased ra- 
pidity of transit, by whatever method, after 
the subjects have been ingesting 30 g of 
wheat bran daily for some weeks, or after 
various placebos.^® In subjects with regular 
bowel habits, Findlay failed to change the 
transit times by bran feeding despite satis- 
factory increases in stool weight.^ ^ 

Possible Relationship with Human Diseases 

Since no one can agree on exactly what 
dietary fiber is or how to measure it, it is 
impossible to define whether or not fiber 
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deficiency or excess in the diet exists, or 
can constitute a protective or noxious ele- 
ment in the diet. Furthermore, to analogize 
from one kind of dietary fiber— e.g., dried 
carrots, seaweed, psyllium seed— to an- 
other— e.g., wheat bran, corn husks— with- 
out controlling the other elements of the 
diet is to make little contribution to our 
understanding. 

Thus far there are two types of evidence 
regarding the effects of increasing the fiber 
content of human diets. One is an epidemi- 
ologic observation that some African popu- 
lations eating large amounts of dietary fiber 
have less colonic polyposis, inflammatory 
colitis and enteritis, and cancer of the 
colon than do western populations. Conver- 
sely, one might say that these same popula- 
tions have more intestinal parasitism be- 
cause they eat more fiber! 

The other type of evidence is pharmacol- 
ogical, and concerns the improvement of 
symptoms in patients with painful divertic- 
ular disease when fed increasing amounts of 
dietary fiber. Since the great mass of diver- 
ticulosis in western populations occurs in 
older subjects without much history of 
bowel disturbance, and without muscle 
hypertrophy in the colon, the group of 
patients . with painful diverticular disease 
probably represents a segment of the popu- 
lation with irritable colon syndrome, a very 
common chronic, but usually not very 
severe, problem beginning in young adult 
life. To the extent that feeding 15 to 30 g 
of wheat bran daily can be shown to de- 
crease the increased intrasigmoidal luminal 
pressures in such patients, these subjects 
clearly can use more dietary fiber in their 
diets. There is no evidence that having had 
less dietary fiber for decades led to the de- 
velopment of the disorder, nor does it ex- 
plain why all their siblings eating the same 
diets never develop the disorder. 
Atherosclerosis and Appendicitis: 

Burkitt postulated that atherosclerosis, 
particularly coronary and aortic diseases, 
and appendicitis are as uncommon in native 
Africans as are the colonic neoplasms dis- 
cussed below.^ ® There is no evidence that 
such diseases are related to fiber in the diet; 


indeed, the annual incidence of acute ap- 
pendicitis in the United States has shown a 
distinct downturn in recent decades. The 
incidence of colon cancer, however, has 
remained constant in the same population. 

Protection Against Toxicants 

There is no conclusive evidence that diet- 
ary fiber plays an important role in serum 
cholesterol concentrations in man.® An ex- 
cellent review of the role of plant fibers in 
counteracting the toxic effects of drugs, 
chemicals and food additives has been pro- 
vided by Ershoff.^® The protective factors 
have yet to be identified, and their role in 
human nutrition is currently unknown. 
Neoplastic Disease of the Colon: 

On the basis of their rarity in African 
natives ingesting diets rich in fiber, divertic- 
ulosis, polyposis and cancer of the colon in 
western populations have been attributed 
by Burkitt to "fiber deficiency" in the 
diets of the latter. Furthermore, corollaries 
of the original theory postulated that bac- 
terial flora in western man contains more 
anaerobes which can degrade neutral or 
acid sterols, particularly bile acids, choles- 
terol and their metabolites, into forms 
which are carcinogenic. The high fiber in- 
take presumably would, by increasing tran- 
sit, prevent these carcinogens from remain- 
ing in contact with the susceptible colonic 
mucosa long enough to produce neoplastic 
change. 

This interesting theory has stimulated 
much investigative work, which may be 
summarized as follows: 

(1) There is no relationship between 
transit times in western populations 
and the incidence of colonic can- 
cer— i.e., constipated subjects do 
not develop more cancer than non- 
constipated subjects. Burkitt and 
others agree that all Westerners 
need more, larger, softer stools per 
day to reduce their susceptibility to 
a gamut of disorders now attribu- 
table to "degenerative changes." 

(2) There is no evidence that dietary 
fiber per se has a definable effect 
on human bacterial flora.® ° 


(3) There is very good evidence that an- 
aerobic bacteria flourish when the 
diet is high in fat and in meat, par- 
ticularly beef.®^ ’ ®2 

(4) There is excellent evidence that po- 
pulations consuming much beef or 
saturated fats excrete much larger 
amounts of bile acid metabolites in 
the stools.®® 

The synthesis of these observations into 
a theory of carcinogenesis at this time is 
speculative. That the diet represents a very 
important environmental cause for cancer 
of the colon, the most common serious 
malignancy affecting both sexes in the 
United States, is heartening and chal- 
lenging. There is currently no evidence that 
the metabolites of neutral or acidic sterols 
are either carcinogens or cocarcindgens in 
man, although they resemble some other 
potent carcinogens in structure, and may 
be weakly cocarcinogenic in animals. 

Although dietary fiber may not be direc- 
tly protective against human carcinogenesis 
or other toxic action, this deserves further 
study. It is certainly consistent with cur- 
rent ideas about energy conservation that 
we should eat more cereal grains directly, 
rather than indirectly as beef. We are in- 
debted to Dr. Burkitt and his colleagues for 
stimulating interest and much research into 
this very important problem. □ 
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ACRODERMATITIS ENTEROPATHICA-HEREDITARY 
ZINC DEFICIENCY 


An inherited defect in zinc absorption is apparently the cause of acrodermatis 
enteropathica. Complete remission of symptoms is obtained with doses of 
zinc sulfate above the RDA. 


Key Words: acrodermatitis enteropathica, zinc, 
diiodohydroxyquin, zinc deficiency 

"Acrodermatitis enteropathica (AE) is a 
hereditary disease appearing in early in- 
fancy, characterized by acral and orificial 
vesicobullous, pustular and eczematoid skin 
lesions, alopecia and diarrhea. The inheri- 
tance pattern is believed to be autosomal 
recessive with nearly equal incidence in 
male and female patients. The onset of 
symptoms usually occurs within the first 
few months of life and is frequently as- 
sociated with the change from breast 
feeding to cow's milk. In its full genetic 
expression, the usual course without treat- 
ment is a relentless progression of severe 
malnutrition, poor growth and develop- 
ment, intercurrent bacterial and yeast in- 
fections, general debility and death within 
one to three years. Many other types of 
complications may occur and there is 
apparently some degree of phenotypic 
heterogeneity since some cases with milder 
manifestations, delayed onset and simul- 
taneous resolution have been reported. 

Since 1953 the disease has been treated 
empirically with oral diiodohydroxyquin 
(Diodoquin) with rapid and dramatic reso- 
lution of the disease. Apparently most 
patients require treatment indefinitely. 
Since treatments were first started in 1953, 
about 20 years is the longest follow-up 
period to date. 

That the diet was somehow involved in 
this disease was indicated by the usual 
development when breast feeding was 
terminated. Neldner et al.^ reported rather 
extensive studies on one adult who de- 
veloped the disease at six weeks of age 


when breast feeding was stopped. Several 
simplified diets were tried. Tryptophan 
metabolism with and without pyridoxine 
supplements, glucose tolerance and insulin 
levels, and serum lipoprotein levels were 
studied as well as the light and electron 
microscopic patterns of the jejunal mucosa. 
The kinds of studies performed reflect the 
reasonable assumption that there might be 
an absorptive defect or that abnormal 
metabolism of some of the nutrients in 
which dermatitis is a deficiency symp- 
tom-tryptophan, pyridoxine, essential 
fatty acids— might be involved. However, 
the last paragraph of this paper calls atten- 
tion to a Letter to the Editor of Lancet 
from Moynahan and Barnes^ in which an 
infant with acrodermatitis enteropathica 
and an associated lactose intolerance was 
treated with zinc sulphate. This patient 
improved somewhat on a lactose-free diet 
but this was not maintained. A careful cal- 
culation of the micronutrient content of 
the diet suggested zinc deficiency and there 
was a complete recovery of her skin lesions 
and bowel symptoms within a short period 
of time after zinc administration. Neldner 
et al. reported that subsequent to the sub- 
mission of their paper, their patient was 
given zinc sulfate, the diiodohydroxyquin 
was discontinued and there was a prompt 
remission which had been maintained for 
six weeks at the time the report was made. 

Confirmation of the role of zinc has 
come rapidly. Moynahan followed his 
report with another Letter to the Editor of 
Lancet^ with the title, "Acrodermatitis 
Enteropathica: A Lethal Inherited Human 
Zinc Deficiency Disorder." He reported 
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that nine patients given zinc were com- 
pletely free of symptoms. Thirty-five mg of 
zinc sulfate daily appeared to "suffice to 
bring about and maintain complete relief of 
symptoms. Nevertheless, the optimum in- 
take seems to be 1 50 mg of zinc sulphate in 
divided doses, in order to deal with intes- 
tinal infections and the like, in which 
diarrhea may reduce availability of the 
element. Pubescent children, especially 
boys, may require increased amounts 
through adolescence. . ." Moynahan points 
out that on the basis of previous ultra- 
structural and enzyme histological 
studies^ and the prompt relief that fol- 
lowed when breast milk was fed, that they 
suggested that there was an absence or 
defect in an oligopeptidase. He postulated 
that the noxious factor was a peptide 
which was produced from most proteins 
but not from breast milk protein and this 
peptide was not hydrolyzed in these pa- 
tients. In view of the response to zinc he 
suggested that the noxious peptide chelates 
zinc and reduces the availability of dietary 
zinc to the patient. Presumably diiodohy- 
droxyquin would exert its favorable effect 
by chelating zinc and assisting in its absorp- 
tion. 

Neldner and Hambidge® reported more 
fully on the use of zinc in their patient, a 
22-year-old woman, who had the first signs 
of the disorder at three months of age and 
was near death at one and one-half years of 
age when diiodohydroxyquin treatment 
was first started. She responded rapidly and 
continued to require the drug, 650 mg, 
three or four times daily. Plasma zinc in 
this patient was of the order of 40 ng per 
100 ml while on her usual diet and re- 
ceiving diiodohydroxyquin. Treatment 
with zinc sulfate, 220 mg three times daily, 
resulted in an increase in the plasma zinc to 
approximately 11 0 mq per 1 00 ml. All ther- 
apy was discontinued and her disease began 
to reoccur after five weeks. The plasma 
zinc was then extremely low, <20 jug per 
100 ml. Diiodohydroxyquin therapy was 
begun and the patient gradually responded. 
The plasma zinc level rose to approxi- 
mately 30 Mg per 100 ml. When the drug 


was discontinued "there was a rapid clinical 
deterioration over the next four days and 
the plasma zinc concentration fell to 10/ig 
per 1 00 ml." 

A "low dosage” zinc therapy was started ' 
(50 mg zinc sulfate, twice daily). There was 
a clinical response within 24 hours and 
remission was complete within five days. 
The plasma zinc level began to rise and was 
70 fig per 100 ml two weeks later and still 
rising. Serum alkaline phosphatase levels, 
which had previously been well below 20 U 
per liter, rose to normal levels. Urinary zinc 
excretion which was approximately 50 fig 
per 24 hours during diiodohydroxyquin ' 
treatment rose rapidly to normal levels 
after zinc administration. Normal zinc ex- 
cretion is considered to be between 174 to 
888 /xg per 24 hours. 

Confirmation of the efficacy of zinc 
administration has also been reported by I 
Michaelsson^ and by Thyresson.® 

It appears, therefore, that this inherited j 
disorder is explained as a severe zinc de- i 
ficiency. The various authors noted some I 
of the symptoms of zinc deficiency in 
animals which may be comparable— growth 
retardation, impaired keratogenesis, in- ! 
eluding alopecia and skin lesions, lethargy I 
and behavioral changes, increased suscepti- | 
bility to infections and possibly impaired | 
development of the immune system. Ai- | 
though hypogeusia (impairment of taste | 
acuity) has been reported in zinc defi- 
ciency, the patient studied by Neldner did 
not show this abnormality even when off 
therapy. i 

The defect in these patients apparently 
must be in the absorption of zinc although 
the mechanism is as yet unclear. Lombeck 
et al.® studied the absorption of ®®Zn in 
three patients. They reported values of 15, i 
30 and 42 percent compared to 58 to 77 
percent in control subjects. 

In commenting editorially in The Lan- 
cet^® on these studies the editors conclude 
that, "Moynahan's discovery has implica- 
tions far beyond the small group of seri- 
ously ill patients with acrodermatitis enter- 
opathica who will be the immediate bene- 
ficiaries; it should be a powerful impulse to 
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all interested in zinc metabolism to look 
for other manifestations of deficiency, 
either natural or induced, in both children 
and adults." □ 
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ESSENTIAL FATTY ACID 

DEFICIENCY IN CONTINUOUS-DRIP ALIMENTATION 

Essential fatty acid deficiency as judged by altered serum lipid levels of linoleic and 
eicosatrienoic acids was produced quickly In adult humans by constant 
infusion of a fat free nutrient solution. 


Key Words: essential fatty acids, linoleic acid, 
intravenous feeding, humans 
Essential fatty acid (EFA) deficiency oc- 
curs in animals receiving diets low in both 
linoleic (18:2co6) and arachidonic (20:4w6) 
acids. The deficiency symptoms may be 
completely prevented by the inclusion of 
either of these acids in the diet at a level 
approximating 1 percent of the calories.^ 
Although arachidonic acid is the physio- 
logically essential acid, its ease of synthesis 
in vivo from linoleic acid and the wide dis- 
tribution of the latter in food lipids makes 
linoleic acid the most practical dietary 
source of EFA.^ 

Studies of human EFA deficiency have 
been almost exclusively made with infants 
and children^ and showed this deficiency 
to be preventable by dietary linoleate. A 
better understanding of the role of EFA in 
adults is important in view of the wide- 


spread use of long term intravenous alimen- 
tation employing lipid free infusates. Wene, 
Connor and DenBesten"^ reported that 
changes in serum fatty acid profiles occur- 
ring in healthy men fed fat free diets 
quickly change to resemble those of EFA- 
deficient animals and human infants. 

In the first of two studies a hyperali- 
mentation diet was given intravenously and 
nasogastrically to eight healthy adult male 
volunteers. This fat free diet contained 80 
percent glucose and 20 percent casein 
amino acid hydrolysate. Appropriate elec- 
trolytes and water-soluble vitamins were 
added. Sterile solutions were prepared daily 
to provide 1 kcal per milliliter. Individual 
caloric requirements were assessed on the 
basis of dietary history and height-weight 
measurements. A seven day preliminary 
period on a general diet containing linoleic 
acid at 2 to 3 percent of calories was fol- 
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lowed by two sequential 14 day periods on 
the fat free diet. Four subjects first re- 
ceived the diet intravenously and then 
nasogastrically. The treatment route se- 
quence was reversed for the other four. In 
all cases the solutions were infused at a 
constant rate over 24 hours. The subjects 
were ambulatory and engaged in usual ward 
recreational activities. 

In the second study a single healthy 
adult male was first fed a formula diet con- 
taining 2.6 percent of calories as linoleic 
acid for two months. This was followed by 
a completely fat free diet administered by 
constant rate nasogastric drip for ten days, 
then 24 hours of fast. Then the same diet 
was given for three days intermittently by 
nasogastric tube at 8 AM, 12 noon and 4 
PM. A 14 day repletion period followed 
during which the initial formula diet con- 
taining linoleic acid was fed. 

Serum lipids were separated by thin 
layer chromatography. The fatty acid 
composition of the separated lipid classes 
was determined by gas-liquid chromato- 
graphy of methyl esters of the fatty acids. 
In study one, data are presented for one 
sample per subject at the end of the basal 
and the two experimental periods. Samples 
were taken more frequently from the single 
subject of study two. Data are presented as 
percent of total fatty acids. 

In study one all men initially had normal 
distribution of serum fatty acids. Bio- 
chemical evidence of EFA deficiency de- 
veloped within two weeks in all subjects 
when given the fat free regimen. Linoleic 
acid levels fell and eicosatrienoic acid levels 
rose in all serum lipid fractions. The largest 
percent change for linoleic acid, from 21.2 
to 3.2 percent, was in the phospholipid 
fraction. Eicosatrienoic acid was undetect- 
able in normal serum lipid fractions and 
rose to a maximum of 2.5 percent in the 
phospholipid fraction. Arachidonic acid 
levels did not change consistently in any 
lipid fraction. The second two weeks of fat 
free feeding did not materially alter the 
results, nor did reversal of the order of 
routes of administration. On a percent basis 
the loss of linoleic acid was compensated 
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by a gain of palmitoieic and oleic acids. 
Dermatitis or other signs of EFA deficiency 
were not seen. 

In the second study linoleic acid de- 
creased in ail serum lipid fractions by the 
third day of the initial fat free feeding 
period and continued to decrease to day 
nine of the ten day period, finally reaching 
10 to 20 percent of the control period 
values. Eicosatrienoic acid was not meas- 
urable in the control period serum but 
appeared on the first day of fat free feeding 
in the triglyceride and phospholipid frac- 
tions. It continued to increase in these 
fractions during the ten day period to a 
maximum of 2.9 percent. Arachidonic acid 
did not change. 

During the 24-hour fast linoleic acid rose 
moderately in all fractions, most obviously 
in the free fatty acid fraction. 

During the three day intermittent feed- 
ing period on the fat free diet linoleic acid 
levels doubled in the cholesterol ester frac- 
tion but did not change remarkably in the 
other fractions. Eicosatrienoic acid did not 
change during the 24-hour fast and de- 
creased markedly during the intermittent 
feeding period only in the triglyceride 
fraction. During the repletion period lino- 
leic and eicosatrienoic acid levels changed 
steadily and reached baseline levels by day 
13. No clinical signs of EFA deficiency 
were seen in this subject. 

These studies clearly indicate that bio- 
chemical changes indicative of EFA de- 
ficiency can be detected in adult humans 
continuously fed fat free infusions high in 
glucose. It is also suggested, on the basis of 
a single individual, that intermittent feed- 
ing of this infusate permits a partial reple- 
tion of EFA. The authors suggest, logically, 
that this repletion may be a result of li- 
polysis during the periods that the tissues 
are not flooded with glucose. This would 
release linoleate from lipid depots which 
contain about 1 2 percent of this fatty acid. 
Continuous infusion, on the other hand, 
would be expected to reduce lipolysis and 
thus render linoleate stores unavailable to 
maintain serum levels. While this concept is 
of theoretical interest, the practical solu- 


tion to the problem would be inclusion of 
linoleate in infusion mixtures. If nutrition 
by infusion is to be maintained for ex- 
tended periods it would also seem appro- 
f priate to include sources of the fat-soluble 
vitamins, not used in the experiments re- 
ported here. □ 
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NEW DIAGNOSTIC TESTS FOR VIRAL HEPATITIS A > 

Several useful methods for detecting hepatitis A are no w available. 


Key Words: hepatitis A, viral hepatitis 
Viral hepatitis as seen in Europe and North 
America can be caused by many different 
diseases of which epidemic hepatitis, short 
incubation period hepatitis or virus A is the 
most common; serum hepatitis or virus B 
the most serious; and mononucleosis, 
measles and a variety of enteric viruses oc- 
casionally produce identical clinical illness. 
The clear discovery of serological methods 
for detection of hepatitis B (HB) has made 
the clinical, transmission, and epidemiolo- 
gical features of this disease much clearer. 
Hepatitis A has, however, resisted such test- 
ing until quite recently when three separate 
methods appeared, all of which seem well 
founded and have been confirmed. 

Hilleman and co-workers^ used the 
marmoset model to develop an antigen. 
Liver extracts prepared from marmosets 
infected with hepatitis A were employed in 
two separate assays. The specificity of the 
marmoset isolation of human hepatitis A 
for the CR 326 strain was confirmed by 
this same group^’'^ laying the groundwork 
for assay techniques. 

The critical evaluation of both tests 
came from utilizing- the huge bank of 
frozen sera from all types of hepatitis 
preserved by Krugman and co-workers.^ 
Their group undertook both tests in Hille- 
man's laboratory, with blind coded sera 


and the results were highly specific for | 
both tests. A complement fixation test was ;; 
developed in which control acute serum j 
had antibody titers of 1 : 1 60 to 1:1 280 and 
those without disease had levels always less I 
than 1:10. This test was highly specific for ;f: 
acute hepatitis A and levels of antibody 
remained high for up to ten years. Other 
conditions did not give positive results. ' 

An immune adherence hemagglutination • 
test was also developed. Antigen-antibody 
complement complexes adhere to human 
erythrocytes and this is the basis of a sen- 
sitive assay. In this assay control patients 
never exceeded titers of 1:5 but acute 
phase and chronic titers always exceed 
1 :640. This test was the most sensitive and 
was abnormal in 45 percent of persons in :i 

the first week of illness and in all by the | 

fourth week of illness. 

A group at the National Institutes of 
Health, working on virus identification in 
the stool by electron microscopy of stool 
specimens, applied this to the hepatitis A 
problem. Techniques for the examination 
of whole stool specimens are now well re- 
fined and virus particles can be identified. 

This is rendered specific by studying the 
samples before and after treating with 
specific antisera for the antiserum causes 
agglutination of the virus with which it 
combines. In hepatitis A Feinstone and 
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collaborators^ found a small cubic virus 
with a diameter of 27 mm. This has been 
confirmed by the Hilleman group.^ 

It is now apparent that methods for 
identifying hepatitis A are with us and 
should be widely available on a research 
basis within the next few years. This should 
clarify the epidemiology and lead to an ef- 
fective vaccine in the next few years. □ 
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IRON SUPPLEMENTATION FOR GESTATIONAL ANEMIA: 
A MODEL FIELD TRIAL 

An elegantly designed study showed only a modest impact on gestational 
anemia even at high levels of supplemental iron, folic acid and vitamin 


Key Words: hemoglobin, hematocrit, supplemental 
iron, anemia, pregnancy 

Iron deficiency, as manifested by sub- 
optimal to frankly anemic hematologic 
values, is a well documented health 
problem of vast scope. It is endemic in de- 
veloped as well as in developing areas of the 
globe. In terms of severity within popula- 
tion groups, pregnant women are especially 
vulnerable owing to the extra demands of 
fetal, placental and decidual tissues for iron 
as well as for the 10 to 15 percent expan- 
sion of maternal red blood cell mass accom- 
panying pregnancy. 

A hemoglobin of less than 11 g per 100 
ml has been used as a criterion of anemia in 
pregnancy. By this standard, some 80 per- 
cent of pregnant women surveyed in India 
are anemic, almost entirely owing to iron 


deficiency. For this reason the World 
Health Organization sponsored a collabora- 
tive field trial within India to assess the 
impact of iron supplementation upon gesta- 
tional anemia and upon the outcome of 
pregnancy. The report of that triaH is the 
basis for this review. 

Women were identified and screened at 
22 ± 2 weeks of gestation in two geographi- 
cally separate areas of India. Those not ex- 
cluded for reasons of chronic diseases, 
chronic diarrhea or because of a hemo- 
globin of less than 5 g per 100 ml were 
randomized into two preliminary treatment 
groups. One group was given oral folic acid, 
5 mg daily and parenteral vitamin 100 
jug biweekly. The other group received 
placebo tablets and injections on the same 
schedule. For the four weeks of this phase, 
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hemoglobin values fell slightly and equally 
in both groups so that at the onset of the 
definitive phase of the study there were no 
differences in hemoglobin (overall mean 
9.5 g per 100 ml with 87 percent having a 
level of less than 11 g per 100 ml) or in 
hematocrit (overall mean of 32.2 percent) 
between treatments or between geographic 
areas. 

For the final trial, the women were 
randomized into seven groups. The pre- 
liminary folate-B 3,2 placebo group was 
divided in half; group 0 continuing on the 
identical placebo regimen; group 6 re- 
ceiving 120 mg of daily iron with no folic 
acid and with placebo injections. The pre- 
liminary group treated with folate-Bj 2 was 
split into five groups (one through five), all 
of which were continued on the two vita- 
mins at the same dosage schedule and 
varying only in the amount of daily iron; 0, 
30, 60, 120 and 240 mg in groups one 
through five respectively. All tablets (iron 
only, iron plus folate or placebo) looked 
alike, were taken as a divided daily dose six 
days per week and were consumed under 
the direct observation of a public health 
nurse. In all these groups, the form of the 
iron was ferrous fumarate. This phase 
lasted ten to 12 weeks. The study termi- 
nated at 36 to 38 weeks of gestation. 
Potency of the several iron levels was 
checked by chemical analysis, and efficacy 
assessed by administration to four grossly 
iron-deficient nonpregnant females having 
initial hemoglobin levels of about 4 g per 
100 ml. Each showed a persistent and sub- 
stantial hematologic response to the 30 and 
60 mg daily iron supplements over an 80 
day test period. 

Some 647 women completed the de- 
finitive study, group sizes ranged from 70 
to 115. Presentation of results was largely 
based on paired statistical analyses of the 
initial and final venous blood values of 
these 647 individuals. The mean of paired 
individual changes in groups 0 and 1 (no 
iron) were, respectively, —0.37 and —0.22 g 
per 100 ml for hemoglobin and —0.4 and 
0.0 percent for hematocrit. On the other 
hand, groups two through five showed 


significant dose-related responses in all 
hematologic parameters. The magnitude of 
the change, however, was small; a 1 .4 g per 
100 ml increase in hemoglobin and a 3.8 
percent increase in hematocrit ingroup five 
(240 mg daily iron) being the largest, still 
leaving 59 percent of women in this group 
with hemoglobins under 11 g per 100 ml at 
the end of the study. Hemoglobin response 
in group six (120 mg iron only) was about 
half the response in group four (120 mg 
iron plus folate-B^g), +0.7 versus -H.3 g 
per 100 ml respectively. This suggests a role 
for these vitamins in the gestational anemia 
of this population group. 

There was no relationship between 
hemoglobin response and serum albumin 
(taken as an index of protein nutriture) nor 
was there a demonstrable relationship 
between hookworm infestation (41 percent 
prevalence initially) and either initial or 
final hematologic assessment. Data on 
serum iron and percent transferrin satura- 
tion were also presented. While amply con- 
firming the presence of iron deficiency, 
responses of these parameters generally 
mirrored the hemoglobin-hematocrit re- 
sponses. 

Birth weights were available in 301 in- 
fants; there were no differences among the 
various experimental groups. Three month 
postpartum hemoglobin levels were pre- 
sented for 243 mothers and 269 infants. 
For the former, the only residual difference 
was a slightly higher hemoglobin in the 
group five mothers (0.6 g per 1 00 ml higher, 
p < .05). There were no differences among 
the 269 infants. 

Why such small hematologic responses? 
The authors have made some calculations 
of supplemental iron absorption in these 
groups. Assuming that the fetal and 
placental iron stores were constant (there 
were no group differences in three month 
infant hemoglobins) and thus assuming that 
all absorbed iron was utilized for maternal 
hemoglobin production, percent absorption 
of iron was estimated. These estimates are 
extraordinarily low, ranging from 6.7 per- 
cent in group two to 1.4 percent in group 
five. These are lower than cited literature 
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values for nonpregnant anemic subjects and 
are one-quarter the calculated absorption in 
the four nonpregnant subjects reported in 
this study. Neither folate nor 6^3 was 
limiting in groups one through five. Were 
there physical or dietary conditions which 
limited iron availability, absorption or 
hemoglobin synthesis in these village 
women? While the answers are not known, 
reports of disappointing hematologic re- 
sponses to supplemental iron in gestational 
anemia in other countries are cited by the 
authors. 

From a public health point of view, the 
persistence of a high frequency of anemia 
in spite of supplementation programs raises 
the traditional Procrustean dilemma in al- 
location of limited resources: whether to 
identify and treat the most severely anemic 
pregnant women (a logistically complex 
and expensive intervention mode) or 
whether to supplement the whole popula- 
tion at risk even though oral hematinic 
therapy is demonstrably incapable of re- 
versing or even significantly mitigating the 
condition? 

This also touches upon a further prob- 
lem: does “borderline" anemia, in contrast 
to “severe" anemia, really impair health in 
any demonstrable way? If so, it has so far 
eluded detection and quantification. In an 
earlier review^ the failure to relate various 
middle-aged health-related symptoms to 
hematologic values was reviewed. More 


recently, Elwood^ was unable to associate 
hematocrit, in the borderline area, with 
mortality in 18,740 women. The classic 
Vanderbilt study'^ failed to show a relation- 
ship between maternal hemoglobin level 
and outcome variables such as birth weight, 
infant hemoglobin or risk of anemia in the 
first year of life. This comparison involved 
the lowest and highest hemoglobin quar- 
tiles, group mean hemoglobins being 9.9 
and 13.1 g per 100 ml respectively. 

Thus the functional impact of gesta- 
tional anemia is not clear, nor has the 
health impairment associated with sub- 
optimal iron nutriture among adults been 
clearly demonstrated. □ 
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IMMUNE DEFICIENCY IN MALNUTRITION 

Once again it is shown that a defect in ceiiuiar immunity exists in mainutrition. 
The clinical significance of such a finding is that malnourished children may be 
more prone to fungai and gram-negative infections. 


Key Words: immune competence, malnourished, 
immunoglobins, cellular immunity, immunode- 
ficiency 

There are now several studies which docu- 
ment the relationship between malnutrition 
and infection.^ Scrimshaw and his col- 
leagues, who perhaps have done the most 
to promote this association, commented in 
detail on the vicious cycle which may be 
set in train when malnutrition predisposes 
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to infection which in turn produces a 
greater degree of malnutrition.^-'^ The 
major reason for newer studies would be to 
use newer tests of immune competence or 
to identify various aspects of the malnu- 
trition process which may be more specifi- 
cally related to immunodeficiency. The 
study of Smythe et al., which has already 
been reviewed,^ presented data partly 
based on autopsy material showing that 








there was a defect in cellular immunity. More 
recent work showed that there may be a 
specific T cell abnormality.® 

A recent study on Ghanaian children 
presents further detailed evidence of a 
defect in cell-mediated immunity.^ In 
addition an attempt was made to find 
meaningful correlations between various 
indices of malnutrition and measures of 
immune competence. One hundred and 
seventeen children were divided into three 
groups. There was a group of controls 
which consisted of children above 81 per- 
cent of the Harvard standard, had normal 
serum protein levels and were normal at 
clinical examination. The malnourished 
children were divided into two groups on 
the basis of clinical examination, anthro- 
pometric and laboratory data. The group of 
severely malnourished children could be 
divided into those with marasmus and 
those with kwashiorkor, but all were less 
than 60 percent of the Harvard standard. 
The group with moderate malnutrition was 
61 to 80 percent of the Harvard standard 
and came from nutritional rehabilitation 
units. 

Clinically obvious infections were most 
common in the severely malnourished 
children; 18 percent had skin fungus and 
1 5 percent had pneumonia. Pyoderma 
occurred in all groups of children. It was 
striking to note that 3 percent of the 
severely malnourished children had tuber- 
culosis. Infestation with Strongyloides 
stercoralis was ten times more common in 
the severely malnourished compared with 
other children, but ascariasis and giardiasis 
were equally frequent in all groups. Clinical 
assessment of tonsil size showed that in 36 
percent of the malnourished children the 
tonsils were not visible or barely visible and 
in general, the better nourished the child- 
ren, the larger the tonsils. As perhaps could 
be predicted, plasma proteins were lowest 
'i in the severely malnourished children. The 
depression of serum albumin and trans- 
ferrin was most marked in children with 
kwashiorkor. 

Levels of the third component of com- 
plement were significantly reduced in the 


severely malnourished group and this was 
also most marked in children with kwash- 
iorkor. It took only two weeks of nutri- 
tional rehabilitation for C 3 to increase to 
normal levels. The levels of all five im- 
munoglobulins were elevated in all the 
Ghanaian children when the values were 
compared with those from American 
children. A comparison within the three 
groups of Ghanaian children showed that 
the immunoglobulins were highest in the 
most severely malnourished children. An 
interesting observation was that IgE was 
most markedly elevated in children with 
intestinal parasites. Malnutrition did not 
affect the antibody response to keyhole 
limpet hemocyanin and polyvalent pneu- 
mococcal polysaccharide. 

The most impressive finding in this study 
was the depression of the cellular immune 
response. The mean absolute lymphocyte 
count and cutaneous delayed hypersen- 
sitivity to phytophaemagglutinin, monilia 
streptokinase-streptodornase were signifi- 
cantly reduced in severely malnourished 
children. The in vitro lymphocyte re- 
activity to phytohaemagglutinin was 
significantly reduced in both groups of mal- 
nourished children with the severely mal- 
nourished ones showing the greatest re- 
duction. 

The authors give detailed statistical cor- 
relations between several of the things they 
measured. Tonsil size and the indices of 
cellular immunity showed correlations with 
total serum proteins, albumin, carotene, 
hemoglobin and vitamin C levels. The 
anthropometric measurements such as 
weight for age, arm circumference and 
triceps skin fold showed impressive highly 
significant correlations with the indices of 
cellular immunity but also with the serum 
transferrin; arm circumference and skin- 
fold thickness were correlated with the 
serum complement. 

This study confirms previous ones which 
showed depression of cellular immunity in 
malnutrition.^’^’® In addition, it shows 
that the extent of the depression is related 
to the severity of the malnutrition. The 
authors do point out that malnutrition is 
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associated with multiple deficiency states 
and it is impossible to single out one as 
being primarily responsible for any im- 
munodeficiency. Iron deficiency for 
example which is a common finding in mal- 
nutrition is often associated with cellular 
immunodeficiency.® The question must 
now be asked, what is the effect in clinical 
terms of this immunodeficiency? It is con- 
stantly stated and the authors repeat it, 
that these immunodeficiencies make the 
m3,lnourished child more prone to in- 
fections with gram-negative organisms. The 
authors also imply that this finding of a 
low C3 may be of significance in this re- 
gard. 

It should be pointed out that it requires 
much more evidence beside a depression of 
C3 in the presence of a normal C4 to allow 
any opinion to be given on the functional 
state of the complement system as a whole 
or of any of the component parts. Unfor- 
tunately the evidence for a greater pre- 
valence of gram-negative infections in mal- 
nutrition is represented by a few limited 
studies.®'^® From the authors' own data 
pneumonia was the most common in- 
fection and there is no evidence that 
pneumonia with gram-negative organisms is 
more frequent in malnutrition. 

The evidence that malnutrition and in- 
\ fection go hand in hand is indeed strong, 
j but perhaps the time has come for at- 
// tention to be paid to the ecological aspects 
7 / of the two. The association is not surprising 
when children who are malnourished often 
j( ' live in the kinds of unsanitary and over- 

I i crowded conditions which are the natural 
I breeding grounds of infection. Tuberculosis 

I is common in malnutrition, but the evi- 

:{ dence is strong that this infection thrives 

I among people in poor living conditions, 

ii Pneumonia is common in malnourished 

I children, but is it the result of a basic 

I I immune deficiency or does poor hygiene 
plus the general weakness and inability to 
cough properly help in making the child 

Ij prone to all respiratory infections? The 

i authors point out that skin fungus in- 

i fection was most common in the severely 

j malnourished child, but this could also be 


attributed to a lack of basic sanitation 
rather than to an immunodeficiency. The 
mucocutaneous candidiasis which can be 
seen in cellular immune deficiency states 
has not been recorded in protein-energy 
malnutrition. 

It is surprising that in a study such as the 
present one no mention was made of the 
work in Uganda^ which showed the re- 
lationship of infection to malnutrition 
most elegantly. Episodes of infections 
occurred while children were relatively well 
nourished, but because of the convalescent 
anorexia coupled with the relative un- 
availability of excess food these children 
could not exhibit the normal catch-up 
growth which follows any period of growth 
failure. These children because of repeated 
infections showed progressive falls in serum 
albumin and slow development of clinically 
obvious kwashiorkor. 

From the practical clinical aspect of the 
treatment of malnourished children, the 
most important point is not simply the 
frequency of infections with which the 
child presents, but the fact that it is very 
difficult to diagnose these infections. 
Leukocytosis and pyrexia may be absent, 
Mantoux tests may be invalid and a high 
index of suspicion must always be main- 
tained. □ 
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INTRODUCTION. 

The analyses and experiments embodied in this paper comprise the 
second stage of the work on the nature of goiter, viz.: the relation of 
iodin to the structure of the thyroid gland. 

In previous papers one of us discussed the structure of the thyroid 
in its various phases in the attempt to formulate basic anatomic types 
to which the individual glands could be referred. It was found that 
the various types of changes are quite easily separated into four 
natural groups, viz. : 

(1) Normal glands. 

(2) Glandular hyperplasias, all degrees (parenchymatous hyper- 
trophies). 

(3) Colloid glands, goiter (all degrees). 

(4) Complications supervening in any of the three preceding 
groups. 




i' 


1 - 

: 

I The general views as to the etiology of goiter may be divided into 

! two groups: (1) that it is due to an infecting agent (miasm) and (2) 

i that it is the manifestation of a nutritional disturbance. The former 

: had its period of greatest development parallel with the early period 

I. of bacteriology (1850-1885). Virchow, Hirsh and, in particular, 

t' Ewald have supported this view. 

i The latter view, that it is a nutritional disturbance, has received its 

greatest support from experimental investigations. The experiments, 
accidental, as it were, of the elder Kocher, and Reverdin, of the total 
removal of the gland in man, were probably the most suggestive in 
the early period. The work of Munk on the importance of the 
thyroid gland to the animal, pointing to conclusions which were so 
contradictory to the prevailing views, stimulated Halsted, in the early 
days of aseptic surgery, to repeat them. Halsted’s fundamental ex- 
periments and observations, followed by those of Horsley and 
Edmunds, have established several important general biologic facts, 
cliief among wliich are: (1) that the gland is essential to normal body 
economy; (2) that partial removal is followed by compensatory 
hyperplasia of the remaining portion; (3) that myxedematous con- 
ditions follow the total removal of the thyroid gland alone, and (4) 
i that it is possible to produce experimentally congenital (goiter) 

hyperplasia of the thyroid. 


® o o 


The results of all the investigations included in the above summar} 
have tended to show (1) that the thyroid gland is an organ essentia 
to the normal metabolic activities of the animal; (2) that it probabh 
has a definite secretion; (3) that iodin is an essential constituent o 
this secretion, and (4) that the various anatomic changes occurring ii 
the gland are results of or reactions against general nutritional dis 
turbances rather than specifically thyroid in origin. 




The material for this work consists of the thyroid glands of a series 
of over one hundred dogs taken without discrimination as to weight,, 
age, sex or breed from the several department laboratories. Care was 
taken, however, to get the thyroids as soon as possible after the dogs 
were brought from the street in order that the findings might with 
justice be taken as an index of the normal street condition. As 
factors which might conceivably affect the condition of the thyroid, 
we observed the age, sex, breed, weight and state of nutrition. 
Records were made of all these conditions, though as regards age and 
breed gross errors are probable. The thyroid glands were weighed 
fresh; brief descriptions of color, consistency and visible colloid were 
noted; a small piece for microscopic examination was then removed, 
and the gland reweighed and referred to Dr. Williams for iodin de- 
termination. 

© © © 


CONCLUSIONS. 



1 . Iodin is necessary for normal thyroid activity. 

2. Iodin is the main index to the physiologic value of the thyroid 
secretion (thyreoglobulin) to the body. 

3. The percentage of iodin varies with the amount of colloid in the 
several degrees of hyperplasia; the colloid varies inversely with the 
degree of thyroid hyperplasia; the iodin varies inversely with the 
degree of thyroid hyperplasia. 

4. The colloid gland (goiter) is the quiescent or normal state of a 
gland which has previously been a glandular hyperplasia and obeys all 
the biologic laws of a normal gland. 

5. In the classification of thyroid changes (excluding infections 
and neoplasms) four major groups must be recognized, viz.: (I) 
normal glands, (2) colloid glands, (3) hyperplastic glands (all grades), 
(4) complications engrafted on any of the three preceding groups. 

6. The ability of the thyroid glands to store iodin depends on the 
degree of glandular hyperplasia rather than on the form or mode of 
administration of iodin. 





THE EFFECT OF 

PROLACTIN ON LIPOPROTEIN LIPASE ACTIVITY 

Prolactin administration produces marked changes in the lipoprotein iipase 
activity of the mammary gland and adipose tissue of hypophysectomized lactating 
rats. The action of prolactin on enzyme activity is such that it diverts blood 
triglyceride utilization from storage to milk production. Lipoprotein iipase 
activity of pigeon adipose tissue and crop sac is also influenced by 
prolactin administration. 


Key Words: lipoprotein lipase, prolactin, adipose 
tissue, mammary gland 

The enzyme lipoprotein lipase catalyzes the 
hydrolysis of triglycerides which are pre- 
sent in the blood in the form of chylomi- 
crons or lipoproteins. The enzyme appears 
to be present in most tissues closely associ- 
ated with the capillary walls. The fatty 
acids released by its action may be utilized 
for energy purposes or resynthesized to tri- 
glyceride by the tissue. It is now reported 
by Scow and his co-workers^ that the lip- 
oprotein lipase activity in rat adipose tis- 
sue, rat mammary gland and pigeon crop 
sac is markedly influenced by the level of 
the pituitary hormone, prolactin, circula- 
ting in the blood stream. 

Previous studies from a number of 
laboratories showed that during lactation 
lipoprotein lipase activity is increased in 
the mammary gland and decreased in 
adipose tissue. The work of Zinder et al.^ 
supplies evidence that these changes are 
probably due in large part to changes in 
prolactin secretion. In these studies rats 
that had been lactating for five to six days 
were hypophysectomized. One group re- 
ceived no treatment while a second group 
received subcutaneous injections of pro- 
lactin and other hormones. Assays for lipo- 
protein lipase activity were performed on 
dried defatted powders of the tissues by 
measuring the amount of rat chylomicron 
triglyceride that was converted to fatty 
acids. (Activity is expressed asl U = 1 pmole 
of triglyceride hydrolyzed per hour.) Rats 


in both groups received daily injections of 
1 U of oxytocin to stimulate milk ejection 
in order to prevent the lowering of lipo- 
protein lipase activity that accompanies 
engorgement of the mammary gland. 
During the first 24 hours following hypo- 
physectomy all rats showed a severe but 
transient diabetes and a marked body 
weight loss. In the following 24 hours some 
rats continued to lose while others gained 
weight. In those losing weight there was a 
marked depression in the lipoprotein lipase 
activity of adipose tissue whereas enzyme 
values were near normal in those animals 
that gained weight. In order to avoid com- 
plications from this factor only those rats 
which showed a weight gain during the 24 
to 48 hour postoperative period were em- 
ployed as controls for the hormone- 
injected animals. 

The average lipoprotein lipase activity of 
the mammary gland and adipose tissue 
from normal nonlactating rats is 6.6 U and 
10.8 U per gram respectively. In animals 
that have been lactating seven to eight days 
these values become 50.1 U and 2.4 U. If 
hypophysectomy is performed on the fifth 
to sixth day of lactation, then 48 hours 
following the operation the enzyme ac- 
tivity in the two tissues drops to values that 
are about those of the normal nonlactating 
animal. The effect of hypophysectomy on 
the enzyme activity of the mammary gland 
is rapid, a decrease of 85 percent being seen 
within six hours after the operation. This 
marked alteration in enzyme activity is not 
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seen, however, if bovine prolactin injec- 
tions are started two hours following sur- 
gery and given every six hours for two 
days. (Total prolactin 2 mg daily.) Pro- 
lactin was also administered with different 
combinations of dexamethasone, growth 
hormone and thyroxine; no striking altera- 
tions were seen from those produced by 
prolactin alone. The supplementary hor- 
mones when administered without pro- 
lactin produced some alterations in enzyme 
activities, dexamethasone alone having the 
greatest effect. Administration of dexa- 
methasone, however, blocked body weight 
gain during the second day of treatment. 
Therefore its action could be secondary to 
its effect on food intake for the reasons 
noted previously. Thus the marked changes 
seen in the lipoprotein lipase activity of 
adipose tissue and mammary gland of the 
lactating rat would appear to be chiefly due 
to secretion of prolactin. 

The effect of prolactin on the lipo- 
protein lipase activity of the crop sac and 
adipose tissue of pigeons has also been 
examined by Garrison and Scow.^ In these 
studies female pigeons were given daily 
intramuscular injections of 1 mg of ovine 
prolactin for periods of one to four days. 
Assays for lipoprotein lipase activity were 
performed 20 hours after the last injection 
of hormone. Administration of prolactin 
for four days caused an increase in enzyme 
activity from 1 7 to 1 77 U per gram in the 
crop sac and from 68 to 1 18 U per gram in 
adipose tissue. The activity in the crop sac 
increased mainly during the third and 
fourth days of hormone injection whereas 
in adipose tissue the increase in activity 
occurred only during the fourth day. No 
effect of prolactin was seen on the enzyme 
activity of the esophagus. The average 
increase in the weight of the crop sac 
during four days of hormone injection was 
from 1.4 to 7.2 g. Therefore the total lipo- 
protein lipase activity of the crop sac in- 
creased over 50-fold after four days of pro- 
lactin injections. 

Prolactin thus increases the lipoprotein 
lipase activity of both the pigeon crop sac 
and the rat mammary gland. The action on 
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the adipose tissue of the two species is, 
however, different. In the case of the 
pigeon a definite increase in enzyme ac- 
tivity is seen, while in the rat a marked 
decrease occurs. The reason for this differ- 
ence is not known. As pointed out by the 
authors, however, the normal level of lipo- 
protein lipase activity in pigeon adipose 
tissue is some five-fold greater than that of 
rat adipose tissue. Such a difference is in 
accord with the differences in metabolic 
characteristics of the adipose tissue of the 
two species. As shown by Goodridge and 
Ball,^-^ pigeon adipose tissue, unlike rat 
adipose tissue, has a low capacity to con- 
vert glucose to fatty acids. It is largely 
dependent on blood triglycerides for its fat 
stores and thus could be expected to 
possess a high lipoprotein lipase activity. It 
is also of interest to note that administra- 
tion of prolactin to pigeons produces in the 
liver a rapid and marked increase in both its 
size and capacity to synthesize triglycerides 
from glucose. Thus in the pigeon prolactin 
acts to increase the supply of blood trigly- 
cerides that the adipose tissue may be 
called upon to store. The liver of the rat 
does not respond to prolactin administra- 
tion in a manner similar to that of the 
pigeon. 

The results of Scow and his co-workers 
indicate that the anterior pituitary gland 
controls lipoprotein lipase activity in the 
mammary gland and adipose tissue of the 
rat during lactation and that this control is 
mediated primarily through the secretion 
of prolactin. The manner in which pro- 
lactin acts to decrease the enzyme activity 
of adipose tissue, while increasing that of 
the mammary gland, remains to be eluci- 
dated. Thus the overall effect of prolactin 
is to divert fatty acids, derived from glu- 
cose or fat ingestion, from body fat stores 
to the mammary gland for the synthesis of 
milk. The question of whether prolactin is 
capable of inhibiting lipoprotein lipase 
activity in the adipose tissue of normal 
animals is one which remains to be an- 
swered. Studies along these lines might be 
rewarding to investigators concerned with 
obesity on the one hand and hyper- 
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TAURINE INVOLVEMENT IN RETINAL AND 

HEART MUSCLE FUNCTION j 

R e tinal pho torecep tor cells degenerate in cats fed a die t low in ■ !.| 

sulfur amino acids and sulfate. The formation of taurine from sulfate • : 

appears to be an important pathway in heart and liver in many species, \ ij.; 

especially in the cat. Elevated heart taurine levels have been found in \ y 

patients dying from congestive heart disease, but not in skeletal muscle Ljf 

of hypertensive rats. ■ ; 


Effect of 
Crop Sac 
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lipidemia on the other. In any case the 
studies of Scow and his co-workers provide 
additional evidence for the important role 
that prolactin can play in the lipid meta- 
bolism of both rats and pigeons. □ 

1. 0. Zinder, M. Hamosh, T.R.C. Fleck and R. 
0. Scow: Effect of Prolactin on Lipoprotein 
Lipase in Mammary Glands and Adipose 
Tissue of Rats. Am. J. Physiol. 226' 744-748 
1974 


Key Words: photoreceptor cells, casein, amino 
acid, retinal degeneration, taurine, methionine, 
cysteine, potassium 

Except for the formation of taurocholic 
acid/ little information is as yet available 
on the function and metabolism of taurine, 
despite the occurrence of taurine in all 
vertebrate organs analyzed and the fact 
that it is a major amino acid in urine. 
Speculation has been made that taurine 
Y iTiay be a neurotransmitter like gamma- 
amino-butyric acid.^’^ Taurine is a major 
amino acid in squid axons and is implicated 
in regulation of potassium concentration in 
j heart cells. Other evidence suggests that 
j both taurine and isethionic acid are in- 
' volved in membrane excitability. Taurine is 
converted to isethionic acid via removal of 
the amino group, and this process has been 
demonstrated in dog heart slices and rat 
brain. 

* More tangible evidence for the functions 
I of taurine has been obtained recently. This 
j includes the reports (a) that taurine defi- 
ciency may result in retinal degeneration in 
the cat"^ and (b) that an increased taurine 
concentration has been found in heart 


muscle of hypertensive rats, with no change 
in skeletal muscle or brain. ^ 

Hayes and co-workers'^ noted earlier that 
retinal degeneration visible with an oph- 
thalmoscope occurred within three months 
of feeding kittens or adult cats a diet with 
casein as the dietary protein. In this con- 
dition, there was a decrease in the 
amplitude of the cone and rod components 
of the electroreti nogram. A time delay also 
appeared in the electrical response of the 
cone. These changes coincided with de- 
generation of the photoreceptor cells. 
Other ultrastructural changes occurred in 
the photoreceptor outer segments, and 
eventually the entire photoreceptor popula- 
tion degenerated. 

That the retinal degeneration was related 
to the use of casein as the dietary protein 
was shown by the fact that substitution of 
lactalbumin or egg albumin for casein 
prevented or reversed the degeneration. 
The major difference between casein and 
these proteins is their higher sulfur amino 
acid content (168 and 181 percent of the 
level in casein). This information, coupled 
with the fact that high levels of taurine 
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have been found in retina of several mam- 
malian species, led Hayes and his co- 
workers to investigate the concentrations 
of taurine and other amino acids in the 
retina and plasma of cats fed diets contain- 
ing casein as the major protein source. 

Kittens and adult cats were fed diets 
containing casein as 16 to 27 percent of the 
dietary calories. All of the animals showed 
retinal degeneration after these diets had 
been fed for three months or more. Plasma 
amino acid analyses showed that taurine 
was almost completely absent, although the 
levels of other sulfur amino acids were 
similar to values found in cats fed a com- 
mercial chow diet. 

The retinal levels of taurine in the 
casein-fed cats decreased steadily, even 
before signs of retinal degeneration occur- 
red, as indicated by decreased DNA con- 
centration. An 84 percent decrease in 
retinal taurine occurred after 24 weeks 
whereas the decrease in DNA was only 13 
percent. No significant changes occurred in 
the retinal levels of glutamic acid, aspartic 
acid, glycine or glutamine-serine in the cats 
fed the casein diet. 

Preliminary experiments with kittens fed 
the casein diet supplemented with taurine, 
methionine or cysteine indicated that 
taurine supplementation appeared to pre- 
vent the retinal lesions, whereas methionine 
and cysteine were ineffective. These obser- 
vations were based on funduscopic exami- 
nation of the retina and still must be con- 
firmed by electroretinographs and electron 
microscopic studies of the retinas. 

The authors speculated that a deficiency 
of taurine could have arisen from a number 
of factors in the cats fed the casein diet. 
First, casein is relatively low in sulfur 
amino acids. Second, this diet was also low 
in sulfate, so that the potential contri- 
bution of taurine synthesis from inorganic 
sulfate® would have been minimized. 
Third, the cats cannot decarboxylate ap- 
preciable amount of cysteine sulfinic acid 
to taurine, so that this route would have 
produced relatively little taurine. Other 
possible factors included reduced synthesis 
of taurine in the retina itself or reduced 
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uptake of taurine from the plasma. Kittens 
grow very rapidly and require a high pro- 
tein diet. Even when the protein is supplied 
from sulfur amino acid-rich proteins, such 
as fish and liver, no taurine is found in 
the liver unless the dietary protein levels 
are above 21 percent of the diet (dry 
weight). Felinine, however, an isopentanol 
derivative of cysteine occurring in felines, 
still appeared in the urine, although the 
dietary sulfur amino acid intake was in- 
adequate for taurine formation. 

A role for taurine involvement in ion 
movement in muscle had been suggested by 
earlier work of Huxtable and Bressler.® 
Subsequently, they found that rats made 
hypertensive by environmental stresses 
(loud noises, cage oscillation, etc.) had sig- 
nificantly higher levels of heart taurine 
than did unstressed rats.® No increases oc- 
curred in the taurine concentration (^umoles 
taurine per gram of protein) in muscle and 
brain. Cardiac hypertrophy also occurred in 
the hypertensive rats. An increased ratio of 
taurine to protein in heart muscle was 
detected also in a strain of rats which de- 
veloped spontaneous hypertension. 

Huxtable and Bressler® also measured 
the taurine content of the left ventricle 
from patients who died from congestive 
heart failure and in patients with death 
from other causes. No correlation was 
found between taurine concentration and 
the age of the subjects in either group. 
(Subjects under ten years old had been 
excluded since taurine concentrations in 
tissues are normally higher in young 
children.) The taurine concentration in the 
left ventricle of subjects with congestive 
heart failure was significantly higher than 
in the left ventricle of patients who died 
from other causes. This increase occurred 
when the taurine concentration was ex- 
pressed as A^moles per gram of wet tissue. 
Mmoles per gram of acid-precipitable ma- 
terial or /imoles per gram of protein. It was 
necessary to express taurine concentration 
in several ways since the heart tissue 
analyzed varied considerably in hydration, 
fibrous composition and percent of fat. 
With all three forms of estimation, how- 


ever, the taurine concentration was higher 
in the ventricular tissue from patients who 
died of congestive heart failure. 

In contrast, the taurine concentration of 
aortic tissue was no higher in patients with 
congestive heart failure. Control analyses 
showed that taurine was stable in frozen 
heart tissue for as long as a year. Conse- 
quently, the differences observed were not 
the result of the loss of taurine during 
storage before analysis. 

Whether the elevated taurine concen- 
tration is a factor in the development of 
congestive heart disease, or whether it is a 
secondary condition remains to be deter- 
mined. The occurrence of an increase is 
especially unusual since changes in chemi- 
cal composition have been observed only 
rarely in heart tissue of patients dying with 
heart failure. 

Other work by Huxtable and Bressler^ 
showed that the highest tissue concentra- 
tion of taurine in rats was in the heart, as 
well as the greatest uptake of ^'^C-taurine 
of any organ at three days after injection of 
the radioactively-labeled taurine. Skeletal 
muscle contained the largest total amount 
of radioactivity at three days after injec- 
tion. Maximum specific activity in heart 
taurine occurred five days after injection. 
Most of the injected taurine in tissues was 
in the soluble portion of the cytoplasm, 
but some occurred in the microsomal frac- 
tion, with very little in mitochrondria. 

A small amount of ^'^C-isethionic acid 
was found in all organs, but this does not 
imply formation of isethionic acid in that 
organ. Uptake and distribution of ^H- 
labeled isethionic acid was tested after 
intraperitoneal injection. About 80 percent 
of the injected compound was excreted in 
the urine within 24 hours after injection. 
No radioactivity was detected in heart 
taurine. Similar results on tissue uptake of 
^^S-taurine in rats were obtained by 
Spaeth and Schneider.^ In the liver, the 
turnover of taurine may be related to 
taurocholic acid formation. 

As Hayes and co-workers pointed out, 
the casein diet fed to cats was low in in- 
organic sulfate as well as in sulfur amino 


acids. Recent work by Martin and co- 
workers® showed the potential importance 
of the synthesis of taurine from sulfate and 
serine in the rat. Their results indicate that 
this pathway is important in the mainte- 
nance of taurine levels in heart, muscle and 
brain, especially in pyridoxine-deficient 
animals in which taurine synthesis from 
cysteine via cysteine sulfinic acid was re- 
duced. Early work considered that signi- 
ficant synthesis of taurine from sulfate did 
not occur in mammals, although this 
pathway is a significant one in chickens. To 
demonstrate in vivo the presence of the 
enzyme system catalyzing the synthesis of 
taurine from L-serine and 3'-phospho- 
adenosine-5'-phosphosulfate (PAPS), rats 
were given ®®S 04 by stomach tube and 
sacrificed six hours later. The specific 
activity of liver taurine increased with time, 
whereas the total amount of taurine in the 
liver stayed constant. 

The diet fed the rats was high in meth- 
ionine (supplemented with 0.3 percent 
D- methionine) since previous experiments 
with chicks showed that high methionine 
diets increased the conversion of sulfate to 
taurine. Thus, it was possible that the con- 
version of sulfate to taurine was regulated 
by the level of intake of sulfur amino acids. 
The level of PAPS and serine depend upon 
the methionine and cysteine levels of the 
diet. Cysteine inhibits ATP-sulfurylase, the 
first enzyme required for synthesis of 
PAPS. Other experiments of Martin and 
co-workers showed that cysteine, homo- 
cysteine and S-adenosylmethionine were 
effective in vitro inhibitors of the chick 
liver enzyme system catalyzing the forma- 
tion of taurine from t-serine and PAPS.® 
L-methionine was also inhibitory but to a 
lesser extent than cysteine which was ef- 
fective at very low concentrations. Ise- 
thionic acid was only mildly inhibitory. 
D-methionine at lower concentrations caused 
a 20 percent increase in activity. 

Experiments with pyridoxine-deficient 
rats showed that the concentration of 
taurine in the heart remained constant in 
the deficient rats, although the liver taurine 
concentration decreased.® The activity of 
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the enzyme system converting sulfate to 
taurine remained constant in the liver of 
deficient rats, while the activity of liver 
cysteine sulfinic acid decarboxylase de- 
creased. The amount of taurine formed 
from increased in both the heart 

and the liver with the duration of pyri- 
doxine deficiency. 

The report that taurine can prevent the 
loss of potassium in the heart led to ex- 
periments on the effect of potassium intake 
on the formation of taurine from sulfate.^ ° 
Rats were pair-fed on diets containing 0.1, 
0.2 or 0.4 percent potassium for four 
weeks. They were then injected with radio- 
active sulfate and sacrificed four hours 
after injection. The activity of the enzyme 
system catalyzing the synthesis of taurine 
from sulfate increased with the potassium 
level of the medium in both heart and liver 
preparations. Activity decreased after di- 
alysis and was restored by the addition of 
potassium to the medium, provided that 
the dialysis was not too prolonged. The 
activity of this enzyme system was not 
restored by the addition of ammonium, 
sodium, lithium, magnesium or calcium 
ions. 

Heart taurine was highest with 0.2 per- 
cent potassium in the diet, and lower at the 
0.1 percent and 0.4 percent levels. The 
change in taurine level with dietary 
potassium was much more pronounced in 
the heart than in the liver. The activity of 
the enzyme system in liver and heart was 
also greater at the 0.2 percent potassium 
level and lower at the other two concen- 
trations. The specific activity decreased 
from 750 to 570 in both tissues. The in- 
corporation of ^^S 04 into taurine was also 
affected by the dietary potassium level, 
with the highest specific activities at the 
0.2 percent potassium level, as would be 
expected from the effects of dietary potass- 
ium on the activity of the enzyme system. 
Thus, the ability of the heart and liver to 
form taurine from sulfate is affected by the 
dietary potassium level. 

A survey of other species for the ability 
to synthesize taurine from sulfate showed 
that this pathway occurs in a variety of 
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mammalian species and in several organs in 
each species.^ ^ The species tested included 
the cat, dog, guinea pig, hamster, monkey, 
mouse, rabbit and sheep, as well as the rat. 
The specific activity of the enzyme was 
similar in heart and liver preparations from 
each species tested; the activities for heart 
and liver were quite similar in all of the 
species. The activities in the cat were no 
higher than in other species although the 
ability of the cat to decarboxylate cys- 
teine-sulfinic acid and cysteic acid is low. 
The cat, man and horse are the three 
species tested in which the ability to pro- 
duce taurine from cysteine in liver is 
limited.^ ^ 

All of these results now provide more 
definite evidence for physiological roles of 
taurine and for regulation of its synthesis. 
Furthermore, these results again demon- 
strate the value of using a variety of animal 
models to determine metabolic functions 
of compounds important in human phy- 
siology. □ 
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BIHORMONAL CONTROL OF KETOGENESIS 

In the liver of fed rats enhanced fatty acid oxidation and ketogenesis 
develop quickly under the Influence of either anti-insulin antibodies or glucagon. 


Key Words: ketogenesis, glucagon, insulin anti- 
bodies, carnitine acyltransferase 
The changes occurring in lipid and Mrbo- 
hydrate metabolism during starvation and 
refeeding have been studied extensively, 
but the controls regulating them have not 
been completely identified.^ A recent con- 
tribution by McGarry, Wright and Foster^ 
points strongly to the possibility that carn- 
itine acyltransferase, catalyzing transfer of 
long-chain fatty acids across the mitochon- 
drial membrane, is subject to control by 
insulin and glucagon as is carbohydrate 
metabolism. 

These experiments were conducted with 
1 00 g male Sprague— Dawley rats said to be 
fed a diet containing 58.5 percent sucrose, 
21 percent casein and all necessary vitamins 
and minerals and which contained less than 
1 percent fat. All experiments were con- 
ducted between 7 and 8 A.M. When fasted 
rats were used they were deprived of food 
for 24 hours. 

Venous and arterial catheters were in- 
stalled under light ether anesthesia. After 
recovery, heparin was infused, followed by 
venous infusion of guinea pig serum con- 
taining insulin antibodies, glucagon or 
neither agent. Control and serial arterial 
blood samples were taken for analysis dur- 
ing the experimental period. Finally pento- 
barbital was given intraperitoneally and the 
liver was removed for perfusion to deter- 
mine ketogenic capacity or was quickly 


frozen in liquid N 2 , followed by analysis 
for glycogen. In some cases blood was ob- 
tained from the abdominal aorta for analy- 
sis of plasma free fatty acids, insulin and 
glucagon. 

Livers were perfused with a recirculating 
medium of 20 percent aged, dialyzed 
human red cells in Krebs bicarbonate buf- 
fer containing bovine albumin. Oleic acid, 
bound to albumin, was used in the medium 
except when [1-^'^C]-octanoylcarnitine 
was used. In this instance the carnitine 
ester was added after 15 minutes of per- 
fusion with no added fatty acid. 

Blood and perfusion media were ana- 
lyzed for glucose, ketones, free fatty acids, 
insulin, glucagon and activity as re- 
quired by standard procedures previously 
employed by these investigators. 

Anti-insulin serum given to fed rats pro- 
duced a strong hyperglycemia and ketone- 
mia. Ketones were as high at two hours as 
in rats fasted for 24 hours. Glucagon had 
essentially no effect on either parameter, 
nor did the control serum. Liver glycogen 
was reduced rapidly both by insulin anti- 
bodies and by glucagon. Plasma free fatty 
acids were increased by insulin antibodies 
but not by glucagon. 

Hepatic ketogenesis from oleate as 
measured in perfused liver increased stead- 
ily under the influence of either insulin 
antibodies or glucagon and in three hours 
attained levels 75 percent as high as those 
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of livers from 24-hour fasted animals. Con- 
trol serum given intravenously or the anti- 
insulin serum or glucagon added directly to 
the liver perfusion medium did not affect 
liver ketogenesis. Nonetheless, glucagon did 
enhance net glucose production markedly 
when added to the perfusion medium. 

Since glucagon increased ketogenic 
capacity of the liver but did not increase 
plasma ketones, whereas insulin antibodies 
increased both parameters, it was hypoth- 
esized that glucagon did not increase the 
rate of delivery of free fatty acids to the 
liver. Confirmation of this was obtained by 
infusion of a fat emulsion into glucagon- 
treated, fed rats and noting an acute eleva- 
tion of plasma ketones, not noted without 
glucagon treatment although plasma free 
fatty acids increased similarly in both 
groups. 

Previous investigations by this group^ 
suggested that the carnitine acyltransferase 
reaction is the rate-limiting step in fatty 
acid oxidation and is the primary site for 
activation of this process in ketotic liver. In 
the present experiments the effects of anti- 
insulin serum and glucagon on this reaction 
were tested, using [ 1 C] -oct- 
anoylcarnitine as a substrate, since it re- 
quires activity of carnitine acyltransferase 
11 for its oxidation. Thus, livers were per- 
fused in the presence of this compound 
(without oleate) for 15 minutes and then 
isotopically labeled octanoylcarnitine was 
added to the medium and the quantity and 
specific activity of total ketones formed 
were measured. Either anti-insulin serum or 
glucagon increased ketone production from 
the labeled ester by fivefold in three hours, 
an increase 70 percent of that attained by a 
24-hour fast and similar to that observed 
when oleate was the substrate. 

In the experiments described earlier glu- 
cagon was infused at a high level to max- 
imize the response obtained. Subsequently 
some of these experiments were repeated, 
using 0.5 percent of the previous dose. This 
resulted in a doubling of the normal glu- 
cagon level in the plasma and a 23 percent 
depression in circulating insulin. After 
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three hours of infusion the ketogenic cap- 
acity of the liver had increased threefold, 
oxidation of long-chain fatty acids and of 
octanoylcarnitine had been stimulated, and 
liver glycogen had been depressed to the 
same extent as in one hour with the larger 
amount of glucagon or of insulin anti- 
bodies. 

These studies show that enhancement of 
hepatic long-chain fatty acid oxidation and 
ketogenesis that occurs in the rat after six 
hours of starvation may be induced in 
about one hour by infusion into fed ani- 
mals of insulin antibodies or glucagon, thus 
indicating an abrupt shift from a nonketo- 
genic to a ketogenic profile. Generation of 
a ketotic liver with anti-insulin serum was 
expected, since this agent produced a gene- 
rally ketotic state in vivo. Less expected 
was the equally ketogenic liver produced 
by glucagon, since the whole animal ap- 
peared to be nonketotic. Presumably this 
was a result of increased insulin activity 
stimulated by glucagon-induced hypergly- 
cemia. The increased insulin would inhibit 
lipolysis and decrease free fatty acid trans- 
port to liver and hence reduce ketone body 
production. This thought is supported by 
the ketotic state induced by the combined 
treatment with glucagon and a fat emul- 
sion. Thus two requirements for develop- 
ment of a ketotic state exist. An accelera- 
ted mobilization of free fatty acids to the 
liver and a metabolic pattern in the liver 
stimulating fatty acid oxidation. Insulin de- 
ficiency seems not a requirement, but 
rather a change in the ratio of glucagon to 
insulin as seen in the final experiment with 
relatively low levels of glucagon causing 
only a 23 percent depression in circulating 
insulin. Thus, hepatic fatty acid metabol- 
ism and ketogenesis may be under bihor- 
monal control as is glucose homeostasis. 

The observed proportional stimulation 
of hepatic long-chain fatty acid oxidation 
and oxidation of octanoylcarnitine, 
whether induced acutely by insulin anti- 
bodies or glucagon or more gradually by 
starvation, suggests that the common de- 
nominator of all three situations is activa- 


tion of carnitine acyltransferase II. The 
data do not permit speculation about carn- 
itine acyltransferase I. 

These experiments do provide new evi- 
dence on control of hepatic ketogenesis, 
although they do not yet uncover the 
mechanism whereby the enzyme systems 
are regulated. Since hepatic ketogenesis was 
seen to be inversely correlated with hepatic 
glycogen levels, it appears likely that some 
component of hepatic carbohydrate meta- 
bolism plays an important role. The aphor- 
ism that "Fats burn in the flame of the 
carbohydrates" is still alive! □ 
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Letter to the Editor 

International Comparison of Body Measurements in Boys 






i' 




Sir: The review of our paper "Selected 
Body Measurements in Boys Ages 6-1 1 
Years from Six Villages in Southern Tu- 
nisia: An International Comparison (Nutri- 
tion Reviews 33: 235-236, 1975), raised 
some questions. In the following, we will 
try to answer one and comment on two. 

1. Age: "The authors have not men- 
tioned how the ages of their subjects were 
assessed." This is not correct. On page 472 
of our paper, under Methodology is stated: 
"The ages of the boys were obtained from 
school records which showed the age as 
stated on the birth certificate." In Egypt, 
ages were obtained in a similar way. In 
India, the ages of 25 percent of the sample 
of 44,000 children were verified through an 
interview with the parents based on docu- 
mentary evidence like authentic home 
records, baptismal verification certificates, 
birth registers, etc. (see page 6 of the ref- 
erence by Mr. McDowell etal.). Height and 
weight means of the age verified cases were 
almost identical with those for the total 
sample. One may be justified to assume 
that ages in the three groups are quite re- 
liable in contrast to samples in many other 
developing countries. In Tunisia, newborn 
children are usually registered within one 
month after birth, but sometimes later. 
Any error would, therefore, be on the plus 
side; the child may be actually older than 
the age given on the certificate. 

2. Comparability of highest economic 
group in Tunisia to the average in USA: 
One can argue about the comparability of 
the two groups in terms of socio-economic 
level. The reviewer refers to a study from 
India showing the growth rate of Indian 


children from the highest economic group 
to be very similar to that of American 
children in the relevant ages (6-12). The 
reviewer did apparently not question the 
comparability of those two groups. Was it 
because they showed practically no dif- 
ferences? I would interpret these findings 
in favor of genetic factors explaining the 
relatively small differences between the 
rich Tunisians and the average Americans 
because the poor Indian boys were even 
below the poor Tunisians, in other words, 
the gap between the poor and the rich in 
India was still greater than in Tunisia. In 
other words, the genetic potential of the 
Indian boys appears to be greater than that 
of the Tunisian boys. However, I would 
admit that the true genetic potential of the 
Tunisian boys may be greater than assessed 
from this small sample of rich boys in 
Tunisia. 

3. In regard to the "completely ignoring 
of calorie deficiency as the main nutritional 
constraint on the growth of children in the 
developing countries": It was mentioned 
that the south had consistently greater 
percentages of people who consumed 
amounts of calories and other essential 
nutrients below the lowest acceptable value 
than the other regions. It is agreed, how- 
ever, that the possibility of calorie de- 
ficiency should have been emphasized more 
strongly. 

Frank W. Lowenstein, M.D. 
Nutrition Advisor 
National Center for Health 
Statistics, DHEW 
Rockville, Maryland 20852 
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FDA Toxicology Advisory 
Committee Formed 

The Food and Drug Administration re- 
cently announced the membership of its 
newly-formed Toxicology Advisory Com- 
mittee. 

The purpose of the committee is to ad- 
vise FDA on matters relating to the safety 
of chemicals present in foods, drugs, cos- 
metics and medical devices. The committee 
will conduct independent scientific reviews 
of potentially toxic chemicals and methods 
for toxicity testing of such materials. Its 
membership is composed of experts in the 
fields of toxicology, pharmacology, carcin- 
ogenesis testing and related subjects. □ 


Meeting Announcement 

The 6th Argentine Congress of Nutrition 
will take place in Buenos Aires, October 
3-7, 1976. The Congress will cover impor- 
tant subjects on basic and clinical nutrition, 
nutrition education and food technology in 
relation to nutrition. Participants will in- 
clude physicians, dietitians, nutritionists, 
food technologists, sociologists, economists 
and experts in agricultural and food indus- 
tries. 

All requests for information should be 
directed to the Secretary General, 6to. 
Congreso Argentine de Nutricion, Cangallo 
2049 (Piso 10, Of. 78), Buenos Aires, 
Argentina. □ 
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3f Dietary CarbohyBfitttlrrPlaque 
Formation and Oral Disease 

by Albert T. Brown, Ph.D. 


D ental caries and periodontal disease 
affect a large percent of this nation's 
population and have a severe impact on the 
total health picture of the individuals in- 
volved. It has been known for some time 
ihat the accumulation of dental plaque is 
intimately associated with the frequency 
and incidence of dental caries. Recently, 
the correlation of plaque formation with 
periodontal disease has also been estab- 
lished.^'® Dental plaque is generally con- 
sidered to be an adherent, gelatinous ma- 
terial which covers the teeth and is com- 
posed of a high population density of oral 
microorganisms ( = 4.0 x 10^^ cells per 
gram wet weight) and an extrabacterial 
matrix consisting in part of bacterial extra- 
cellular polysaccharides, leukocytes, sali- 
vary glycoproteins, water and epithelial cell 
remnants. It is firmly established that the 
metabolic activity of dental plaque is 
mainly due to its microbial content.^'® 
Dietary carbohydrates are of primary im- 
portance in leading to the colonization of 
microorganisms on the tooth surface(s) and 
they permit plaque microorganisms to 
sustain their life functions even under 
periods of nutritional stress. It is the 
accumulation of large numbers of oral 
bacteria in dental plaque, coupled with 
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their continuous metabolic activities which 
lead to dental caries and periodontal 
disease. 

Current evidence supports the belief that 
sucrose is of central importance in plaque 
formation and metabolism by oral micro- 
organisms.®'^ ® It is important to stress, 
however, that the importance of other die- 
tary carbohydrates cannot be overlooked 
since they too contribute to plaque forma- 
tion and support the life functions of cer- 
tain components of the oral micro- 
flora.®’^ At least four aspects of 
dietary carbohydrate utilization by oral 
microorganisms collectively contribute to 
their disease potential through their role in 
the formation of dental plaque and through 
the metabolic activity of various 
components of the plaque microflora 
which yield a number of bacterial products 
that directly interact with oral hard and 
soft tissues or elicit an appropriate host 
response. 

The four important areas of dietary 
carbohydrate metabolism are their conver- 
sion to adhesive bacterial extracellular 
polymers, bacterial extracellular storage 
polysaccharides, bacterial intracellular stor- 
age polysaccharides, and their utilization as 
a fermentable energy (ATP) source by 
plaque microorganisms. Perhaps the most 
germane to virulence is the utilization of 
carbohydrates for the generation of energy 
necessary to support the biosynthetic pro- 
cesses of oral bacteria since all common 
dietary carbohydrates are readily utilized in 
this manner by a number of the microbial 
components of dental plaque. The interre- 
lationship of these four aspects of carbohy- 
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drate metabolism in plaque formation and 
oral disease is schematically represented in 
Figure 1 . 

Production of Adhesive Bacterial Polymers 

The production of adhesive extracellular 
polymers by oral microorganisms which 
allow them to colonize oral hard surfaces 
has been most thoroughly studied in strept- 
ococcal species which are major constitu- 
ents of dental plaqueT®’^^ One class of 
extracellular polysaccharides produced by 
these organisms is dependent upon the 
metabolism of exogenous sucrose by en- 
zymes designated as dextransucrases or glu- 
cosyltransferases.^ The glucosyl- 
transferases are found in the culture super- 
natants of oral streptococci such as the 
caries conducive group. Streptococcus 
mutans/^'^^ and are also found on the 
cell surface of these organisms. Glucosyl- 
transferases catalyze the conversion of su- 
crose to free fructose and a glucose poly- 


mer designated as dextran or glucan as 
shown below.^^"^® 

(glucose)^ ^ + sucrose (glucose)^ + fructose 

At least two classes of glucans are formed 
from sucrose by the action of the glucosyl- 
transferase enzymes. One of these classes is 
of high molecular weight, cell-associated 
and relatively insoluble. In contrast, the 
other main class of glucans is found in the 
culture supernatants or the interbacterial 
matrix of plaque and is soluble. Current 
evidence supports that the high molecular 
weight, cell-associated, insoluble glucans 
are determinants of the adherence of oral 
streptococci to hard tooth sur- 
faces^ ® whereas extracellular, 
high molecular weight, soluble glucans 
probably participate in the cohesion or 
agglutination of certain oral streptococcal 
species.'^® 

Extracellular polymers of fructose called 
levans or fructans are also synthesized from 



Figure 1. Schematic representation of the role of dietary carbohydrates in oral disease. 
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sucrose by a variety of plaque microorgan- 
isms particularly by members of the genus 
Streptococcus.^ The production of 
fructans from sucrose is catalyzed by cell- 
associated and/or extracellular enzymes 
called levansucrases or fructosyltransferases 
which catalyze the reaction shown be- 
low. 54,55 

(fructose) + sucrose glucose + (fructose) 

I i-j. p, 

Most fructans are highly soluble and are 
thought to reside primarily in the culture 
supernatant or in the interbacterial matrix 
of plaque. Recent evidence, however, has 
suggested that small amounts of insoluble 
fructans may contribute to the ability of 
oral 5. mutans strains to form plaque in 
vitro.^®''^^’^'^ The role of glucans and fruc- 
tans as nutritional extracellular storage 
polysaccharides will be discussed later. 

Although not as thoroughly studied, die- 
tary carbohydrates other than sucrose are 
precursors of adhesive bacterial extracell- 
ular polymers and may play a role in the 
accumulation of certain organisms on the 
tooth surface. For instance, members of 
the genus Actinomyces are commonly 
found in dental plaque, and Actinomyces 
viscosus and Actinomyces naeslundii form 
plaque both in vivo®® and in vitro.® ^ 
These organisms have been implicated as 
etiological agents of periodontal di- 
sease,®®"®^ root surface®^ and coronal 
caries.®®'®® In contrast to oral streptococ- 
cal strains, oral strains of A. viscosus and A. 
naeslundii produce no cell— associated or 
extracellular glucans from sucrose and their 
ability to form plaque in vivo and in vitro is 
not dependent upon the presence of su- 
crose.®®’®^ These organisms are able to ad- 
here^ to hard surfaces in the presence of a 
nun ’-nr of carbohydrates and the plaque- 
forming ability of these Actinomyces spe- 
cies appears to be dependent upon the 
production of an adhesive polysaccharide 
which can be produced from a number of 
carbohydrate precursors.®® 

Central Energy Role of Dietary Carbohy- 
drates 

Although dietary carbohydrates are pre- 
cursors of bacterial extracellular polysac- 


charides which permit colonization of the 
tooth surface, perhaps their most im- 
portant role in oral disease is their ability 
to serve as fermentable energy sources for 
oral microorganisms since without energy 
production an organism can neither sup- 
port its biosynthetic processes nor remain 
viable in the oral environment. All common 
dietary carbohydrates can be metabolized 
by a number of microorganisms indigenous 
to dental plaque and it appears that the 
energy-yielding metabolism of exogenous 
carbohydrates by the microbial com- 
ponents of dental plaque contributes to 
their disease potential in the following 
three distinct ways. 

Contribution of Energy Production to Microbial 
Accumulation 

The intracellular, energy (ATP)— yielding 
metabolism of oral microorganisms contrib- 
utes to their accumulation in dental plaque 
by supporting the biosynthetic events lead- 
ing to growth. Although the growth rate of 
microorganisms in plaque does not ap- 
proach that observed in laboratory cul- 
tures,®^’®® the contribution of energy- 
dependent microbial growth, especially in 
young dental plaque, cannot be overlooked 
in leading to the accumulation of organisms 
at various sites in the oral environment. 
Since a broad spectrum of carbohydrates 
serve as potential energy sources for most 
oral bacteria, their role in microbial accum- 
ulation (plaque formation) is of major im- 
portance. 

Energy production from dietary carbo- 
hydrates contributes to plaque formation 
in a manner more indirect than sustaining 
growth. The synthesis of the enzymes 
which produce adhesive bacterial extracell- 
ular polymers is strictly dependent upon 
the energy derived from the metabolism of 
carbohydrates which are ultimately derived 
from the diet. The turnover of bacterial ex- 
tracellular enzymes in plaque make their 
continuous synthesis an absolute necessity 
if they are to play a significant role in 
plaque formation. 

DGfivation of Toxic Fermsntation Products from 
Energy Metabolism 

The metabolic activity of dental plaque 
is a summation of the activities of its var- 
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ious microbial components. Since dental 
plaque is considered to be an essentially 
anaerobic environment, the utilization of 
exogenous carbohydrates must be done by 
fermentative mechanisms. A number of low 
molecular weight fermentation products, 
generally acidic in nature, which have the 
potential to damage oral tissues, are pro- 
duced by whole plaque samples and by 
pure cultures of various oral bacteria.®’® 
The fermentation product most universally 
produced from dietary carbohydrates by 
plaque microorganisms is lactic acid.®®"^^ 
This organic acid is generally considered to 
be the major contributor to the acidic pH 
of dental plaque^ especially after its 
exposure to exogenous carbohydrates. In 
addition to being an ecological determinant 
by contributing to low plaque pH, lactic 
acid is thought to play a major role in the 
etiology of oral disease by participating in 
the demineralization of enamel and cemen- 
tum in coronal and root surface caries. 

Energy -dependent Biosynthesis of Toxic 
Macromoiecules 

A number of macromoiecules produced 
by oral microorganisms have been impli- 
cated as having a role in dental caries and 
periodontal disease. The biosynthesis of 
these toxic substances by plaque microor- 
ganisms at levels sufficient to damage oral 
tissues or elicit an appropriate host re- 
sponse is generally dependent upon the 
production of energy from carbohydrate 
fermentation. These macromoiecules pro- 
duced by oral microorganisms include a 
number of enzymes which collectively have 
the potential to degrade the organic com- 
ponents of enamel and dentin, disrupt the 
. intercellular matrix of the oral epithelium, 
destroy connective tissue components, alter 
cell surfaces and cellular permeability, dis- 
rupt cell-cell adhesion, and initiate an acute 
inflammatory response.®’®'^ ®’^® Other 
nonenzymatic macromoiecules produced 
by oral bacteria also have the potential to 
initiate an inflammatory response. These 
include endotoxins produced by a number 
of gram— negative oral bacteria, peptidogly- 
cans, chemotactic factors and other bac- 
terial somatic antigens.®’®-^^"^® It is again 
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important to stress that the energy required 
for the production of these toxic macro- 
moiecules comes from the catabolism of 
carbohydrates by the microorganisms in 
dental plaque. A list of some of the toxic 
macromoiecules produced by plaque micro- 
organisms and their potential role in oral 
disease is shown in Table 1 . 

Importance of Bacterial Extracellular 
Polymers as Energy Sources 

Bacterial extracellular polysaccharides 
derived from exogenous carbohydrates 
compose a significant portion of the inter- 
bacterial matrix of dental plaque. In addi- 
tion to these polymers playing a major role 
in the attachment of oral microorganisms 
to the hard tooth surfaces and enabling cer- 
tain oral bacterial to cohere or agglutinate, 
they may also have a nutritive and ecologi- 
cal role within dental plaque by serving as 
fermentable energy sources which support 
the biosynthetic activities of plaque micro- 
organisms during periods where dietary car- 
bohydrates are unavailable. 

Plaque microorganisms other than strep- 
tococci have been reported to make extra- 
cellular glucan-like polymers. For instance, 
an oral strain of Lactobacillus case! has 
been studied which produces large amounts 
of extracellular glucans from a number of 
carbohydrates in addition to sucrose.®® 
Gibbons and Banghart have also shown that 
a cariogenic strain of Lactobacillus acid- 
ophilus produced an extracellular glucan 
antigenically similar to that produced by 
caries-conducive streptococci.®^ It appears 
that glucan synthesis in plaque is not an 
entirely irreversible process. Manly et al. 
reported glucanase activity in whole plaque 
samples.®® Glucanase has also been re- 
ported to be produced by oral strains of 
Streptococcus mitis^^ and a number of 
other plaque microorganisms including S. 
mutans.^^'^^ Consequently, the enzymatic 
potential is present in plaque to catabolize 
glucans and to use the glucose monomers 
of these polymers as an energy source. 

Plaque fructans produced by a number 
of plaque microorganisms, particularly 
members of the genus Streptococcus, ap- 
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Table 1 

Some Macromolecules Synthesized by Plaque Microorganisms Which Have a 
Potential Role in Dental Caries and Periodontal Disease 


Macromolecule 


Proteases 

Hyaluronidases 

Neuraminidases 

Collagenase 

Chondroitin Sulfatase 

Glycoside Hydrolases 

Esterases 


Potential Disease Role 

Enzymes 

Collectively degrade organic components 
of enamel and dentine, destroy intercell- 
ular matrix, degrade amorphous ground 
substance and connective tissue, alter 
cell surfaces, alter cell-cell adhesion and 
cellular permeability. 


Mediators of Inflammation 


Proteases 
Endotoxins 
Peptidoglycans 
Chemotactic Factors 
Somatic Antigens 


Collectively lead to periodontal destruc- 
tion by directly eliciting an inflamma- 
tory response or inducing an allergic in- 
flammatory response. 


pear to be much more labile than plaque 
glucans and may play an even more signifi- 
cant role in the nutrition and ecology of 
dental plaque.®'®^ A number of oral micro- 
organisms have been found which produce 
high levels of enzymes called levanases or 
fructanases.®®'®^ These enzymes serve to 
degrade fructans to lower molecular weight 
fructose polymers or free fructose which 
can then be utilized as a fermentable 
energy source by a number of plaque bac- 
teria.^ ® 

Bacterial extracellular polysaccharides 
other than glucans and fructans may be uti- 
lized by oral bacteria and hence serve as 
nutritional and ecological determinants. 
Oral S. mutans strains and species of lacto- 
bacilli are able to metabolize an amylo- 
pectin type extracellular polymer produced 
by certain members of the genus Neisseria, 
and grow much faster on this polysac- 
charide than on sucrose.®^ SimcQ Neisseria 
compose a significant percent of the oral 
microflora which colonize a clean tooth 
surface, the neisserial extracellular polysac- 
charides may be of major importance in the 
early stage of plaque formation. 


Importance of Intracellular Storage Poly- 
saccharides as Energy Sources 

In addition to producing extracellular 
polysaccharides from dietary carbohy- 
drates, which have an adhesive and/or nu- 
tritional role, many plaque microorganisms 
studied have the potential to synthesize 
intracellular polysaccharides from a variety 
of exogenous dietary carbohydrates.®'^"®® 
For instance, L. casei,^^ S. 
and several strains of S. mutans have been 
shown to produce large amounts of intra- 
cellular polysaccharide material from a 
number of fermentable sugars. The intra- 
cellular polymers isolated from oral bac- 
teria are generally of the amylopectin type 
and are probably synthesized as described 
by Nikaido and Hassid.^®® The role of 
these intracellular polysaccharides is prob- 
ably similar to the nutritional role of extra- 
cellular bacterial polysaccharides in that 
they serve as reserve energy sources al- 
lowing oral microorganisms to sustain their 
biosynthetic activities over extended 
periods of time, even under periods of 
nutritional stress such as the absence of 
dietary carbohydrates during fasting. 
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Central Role of Glycolysis in Energy Pro- 
duction and Biosynthesis by Oral Bacteria 

The metabolic pathway by which most 
oral microorganisms generate the energy 
(ATP) necessary to support their biosyn- 
thetic functions is glycolysisT ^ The glyco- 
lytic metabolism of dietary carbohydrates 
and extracellular or intracellular bacterial 
polysaccharides yields large amounts of lac- 
tic acid since pyruvate, not oxygen, is the 
terminal electron acceptor in the oxidation 
of these fermentable energy sources. The 
anaerobic environment of plaque also 
makes it obligatory that its microbial com- 
ponents use fermentative mechanisms for 
energy production. Since most dietary car- 
bohydrates are converted to lactic acid via 
glycolysis, and since lactic acid production 
is thought to play a central role in the etio- 
logy of dental caries, dietary carbohydrates 
in addition to sucrose are able to play a 
causative role in this disease. Likewise, the 
glycolytic utilization of a broad spectrum 
of exogenous carbohydrates for energy pro- 
duction and biosynthesis of toxic macro- 
molecules by oral microorganisms also con- 
tributes to their role in the etiology of peri- 
odontal disease. The relationship of a num- 
ber of dietary carbohydrates such as su- 
crose, starch, lactose, maltose, glucose, 
fructose, mannitol and sorbitol to glycoly- 
sis is shown in Figure 2 as is the relation- 
ship of bacterial polysaccharide metabolism 
to this pathway. 

Another role of glycolysis in the biosyn- 
thetic metabolism of plaque microorgan- 
isms, in addition to the generation of en- 
ergy, is the utilization of certain glycolytic 
intermediates for macromolecular biosyn- 
thesis. The pathways for the incorporation 
of glycolytic intermediates into macromol- 
ecules also enables plaque microorganisms 
to utilize the carbon dioxide (CO 2 ) present 
in saliva for the biosynthesis of cellular 
constituents. Consequently, the bicarbo- 
nate present in saliva may have a nutri- 
tional and physiological function for oral 
microorganisms in addition to being a 
major contributor of salivary buffering 
capacity. For instance. Streptococcus 
sanguis converts the glycolytic intermediate 



phosphoenolpyruvate and CO^ to oxalace- 
tate via phosphoenolpyruvate carboxy- 
lase^®'^ while oral strains of A viscosus and 
A. naeslundii convert pyruvate and CO to 
oxalacetate via pyruvate carboxylase.^®® 
The relationship of glycolysis to these reac- 
tions is shown in Figure 3. Oxalacetate is 
most likely incorporated into macromol- 
ecules by its conversion to aspartic acid, 
the role of which is well established in bac- 
terial biosynthetic metabolism. 


FERMENTABLE CARBOHYDRATES 

r DISACCHARIDES ' 
MONOSACCHARIDES 
STARCH 
GLUCANS 
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ATP 
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32 


OXALACETATE 


y^ADP-HPI 
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ATP 
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Figure 3. Incorporation of carbohydrates into 
macromolecules by oral microorganisms. 
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Summary 

It is felt that all dietary carbohydrates, 
not only sucrose, play a causative role in 
dental caries and periodontal disease since 
they collectively contribute to the accumu- 
lation of plaque microorganisms on the 
tooth surface, support the energy-depen- 
dent biosynthesis of toxic macromolecules 
which interact with oral hard and soft tis- 
sues, and are precursors of acidic fermen- 
tation products which contribute to the de- 
mineralization of enamel and cementum. 
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in brain lipids, in essential fatty acid 
deficiency, 278 

tissue levels in vitamin E deficiency, SA161 
autoxidation from supplemental iron in foods, 46 
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essential 
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composition of brain lipids in, 278 
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329 

linoleate and linolenate, dietary, effect on fatty 
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composition of infants, 236 
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water content, relation to dietary fiber, SA321 
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serum levels, relation to body iron stores, 1 1 
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significance in world food production, SA225 
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effects of added iron salts on, 46 

FLUORIDE (see TRACE ELEMENTS) 
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genu valgum in, 76 
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blood levels, in maternal and newborn, 298 
deficiency 

central nervous system abnormalities in, 21 
intestinal absorption in, SA33 
length of glutamyl side chain, in bacteria and 
liver, 115 

macromolecular binder, in serum and leukocytes, 9 
metabolism 

effect of hormones on, 57 
in vitamin deficiency, 1 18 
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uptake by HeLa cells, inhibition by folic acid 
binding protein, 183 
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additives, hyperkinetic effects of, study of, N220 
advertising, proposed FTC regulations, N29, 246 
availability of chromium in, SA1 29 
cobalt content of, SA65 
consumption, effect of hydroxycitrate on, 53 
fortification, with iron, problems in, 46 
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glucoreceptor cells, 23 
Iron in, absorption of, 238 
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processing, effects on nutritional values, 1 23 
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FOOD AND NUTRITION BOARD 

special report on hazards of overuse of vitamin D, 

61 

FOOD TECHNOLOGY 
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foods, with iron, problems In, 46 
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relation to dietary fats, 72 
GAMMA-AMINOBUTYRIC ACID 

synthesis, in brain, in vitamin Bg deficiency, 21 
GAMMA-CARBOXYGLUTAMIC ACID 
new amino acid in prothrombin, 25 
GENETICS 

alkaptonuria (Nutrition Classic), 81 
in etiology of diabetes, SA193 
role in establishing norms of growth in children, 
235 

GENU VALGUM 

due to fluoride toxicity, 76 
GHANA 

study of malnutrition and Immune deficiency, 334 
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GLUCAGON (see HORMONES) 

GLUCONEOGENESIS 

defect, in samll-for-gestational-age infants, 168 

GLUCOSE (see CARBOHYDRATE) 

GLUCOSE TOLERANCE FACTOR 
review, SA129 
GLUTAMYL 

side chains in folic acid, in bacteria and liver, 

115 
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in dental plaque bacteria, carbohydrate sources 
for, SA353 
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endemic, relation to antithyroid agents, 1 71 
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structure of thyroid gland in (Nutrition Classic), 
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GOLDSMITH, GRACE A. 

memorial tribute, N314 
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competition with phlorhizin, for transport 
mechanisms in glucoreceptor cells, 23 
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bacteria, in dental plaques, energy sources for, SA353 
brain 

in fetal and postnatal periods, 6 
in kwashiorkor, 107 
crocodile, protein synthesis during, 281 
during caloric restriction (Nutrition Classic), 241 
low birthweight infants, on total parenteral 
nutrition, 270 

norms of children in underdeveloped nations, 235 
role of silicon in, SA257 
role of somatomedins in, 262 
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copper in, after feeding excessive copper, 51 
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for measuring subcutaneous fat and interstitial 
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naahelus disease in, cattle disease from 
calcinogenic plants, SA1 

HEAD 

circumference, changes in kwashiorkor, 107 
HEARING 

disability, in uremia, N287 
HEART 

copper in, after feeding excessive copper, 51 
disease, in type III hyperlipoproteinemia, 173 
incorporation of dietary selenium in, 138 
lesions, in copper-deficient rats, 306 
muscle, role of taurine in, 343 
silicon content, SA257 
toxic effects of cobalt on, SA65 
HEIGHT-WEIGHT 

measurements, of children in Southern Tunisia, 235, 
N350 

HELA CELLS 

uptake of folate by, effect of folic acid binding 
protein on, 183 
HEMATOCRIT 

values, statistical studies, N190 
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iron, absorption of, 238 
synthesis, in vitamin E deficiency, SA161 
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levels 
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dietary fat, 236 
HOMOGENTISIC ACID 

excretion (Nutrition Classic), 81 
HORMONES 

ACTH, plasma levels, in adults with protein-calorie 
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activity, 57 
glucagon 
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effect on formiminotransferase activity, 57 
effect on ketogenesis, 347 
role in hypertriglyceridemia, 199 
growth 
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prolactin, effect on lipoprotein lipase activity, 
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dectomy, 91 

plasma levels, in adults with protein-calorie 
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production by phlorhizin injection into 
hypothalamus, 23 
HYPERTENSION 

heart muscle taurine concentration in, 343 
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endogenous, in cellular insulin resistance, 199 
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from wholemeal breads, 18 
in acrodermatitis enteropathica, 327 
bacteria and viruses in, cause of diarrhea in 
children, N286 

bypass operation, liver changes after, 38, 78 
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cancer of, relation to diet, 1 36 
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formiminotransferase in, effect of hormones on 
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absorption 
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effect on liver iron content, 55 
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deficiency anemia, in pregnancy, effect of iron 
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relation to etiology of diabetes, SA193 
relation to hyperlipemia, 55 
fortification of foods, problems in, 46 
metabolism, effect of cobalt on, SA65 
regulation of erythropoiesis by, 144 
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tissue levels, after feeding excessive copper, 51 
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changes in incidence of diabetes In, SA193 
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diet, effect on niacin requirement, review, SA289 


KETOGENESIS 

control by insulin and glucagon, 347 
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copper in, after feeding excessive copper, 51 


disease 

calcium absorption in, 209 
chronic dialysis for, neuropathy in, N287 
relation to somatomedin levels, 262 
failure, serum ferritin levels and iron storage in 
11 

glutathione peroxidase in, in selenium and vitamin E 
deficiency, SA1 61 

handling of salt, by preterm infants, 105 
incorporation of dietary selenium in, 138 
nephrosis, in massive obesity, 40 
pathology, in diabetes, SA193 
weight, effect of undernutrition in newborn rats 88 
KNOCK KNEE 

due to fluoride toxicity, 76 
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brain growth in, 107 
immunity response in, 110, 334 
in adults, endocrine changes in, 299 
thyroid function in, 88 


LACTATE 

production in dental plaques, SA353 
LACTATION 

in undernourished women, 42 
iron deficiency In, effect on offspring, 55 
lipoprotein lipase activity in mammary gland, 341 
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folate binder in, 9 
response. In celiac disease, 267 
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a-"]3-iipoproteinemia, vitamin E deficiency in, 
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blood levels 

effect of niacin on, SA289 
in type III hyperlipoproteinemia, 173 
in vegetarians versus controls, N285 
pattern, in offspring of iron-deficient mothers, 55 
synthesis in liver, in cellular insulin resistance, 

199 

type III hyperlipoproteinemia, pathologic changes in, 
173 

LIVER 

alkaline phosphatase in, during anticonvulsant drug 
therapy, 209, N221 
alpha-1 -antitrypsin deficiency, N189 
aminolevulinic acid dehydratase in, in vitamin E 
deficiency, SA1 61 
cancer, from nitrosamines, 19 
disease, serum ferritin levels and iron storage in, 

11 

enzymes, changes on low protein intake, 180 

failure, after jejuno-ileal bypass, 38 

fat 

after bypass operation, 78 
synthesis, effect of hydroxycitrate on, 53 
folates, in vitamin B 12 deficiency, 118 
formiminotransferase in, effect of hormones on, 57 
function, bile acid excretion test for, N285 
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cattle disease in Jamaica, from calcinogenic plants, 

SA1 

MANGANESE (see TRACE ELEMENTS) 

MARASMUS 

immune deficiency in, 334 
in adults, endocrine changes in, 299 
thyroid function in, 88 
MATERNAL NUTRITION 

comparison of maternal and newborn blood levels of 
vitamins, 298 


MEAT 
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